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(57) Abstract ' \ 

A composition for transfecting higher eucaryotic cells with a complex of nucleic acid and a nucleic acid-affine substance is 
possiblv conjugated with an internalization factor for such cells. The composition contains an endosomolytic agent thai is a free 
1 or bound virus or virus component or a viral or non-viral peptide with endosomolytic properties. 

j (57) ZasamiAenfasstmg 

S Zusamraerisetzuhg fur. die Transfektion von hoheren eukaryotischen Zellen mit einem Komplex aus Nukleinsaure und 

\ Nuktetnsaure-affiner Substanz. die gegebenenfalls mit einem Internatisierungsfaktor fur diese Zelien konjugiert ist. Die Zusam- 
| menseizung enth5h ein endosomolytisches MineL das entweder ein freies oder ein gebundenes Virus oder eine Viruskomponente 
1 oder ein virales odter nicht-virales Peptid mit endosomolytischen Eigenschaften ist. 
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Composition for Introducing Nucleic Acid Complexes Into 

vv;;\-.'. .; ' Higher. Eitcaryotic Cells • 

.The' invent ion relates to o.f' : 
nucleic acids into higher eucaryotic cells. 

There is a need for an efficient system for 
introducing nucleic acid into living cells .particularly 
in gene .therapy / Genes are. transferred into cells in . . . 
order to achieve in vivo synthesis of therapeutically 
effective genetic products, e.g. in order to replace the 
defective gene : in the case of. a genetic defect. 
; "Cohventidnai? gene therapy is based on the principle: of 
achieving a lasting cure: by a single treatment . ■ 
Hb.wever>. /'there' Vis also a need, for methods of treatment 
in whibh the -therapeuticalAy effective; DNA (or rrJU«A) is . 
adninisterfed lirze a drug ('.'gene therapeutic agent") once 
or repeatedly as necessary. Examples of genetically 
caused diseases -in. which gene therapy, represents a pro- 
mising. • approach '.are hemophilia, beta-thalassaemia and 
"Severe Combined Inrune Deficiency" (SCID) , a syndrome'/", 
caused by. the genetically induced absence of the enzyme 
.adenosine deaminase. Other possible applications are in 
-immune regulation, in which, humoral or intracellular, 
immunity, is achieved by the administration of functional 
nucleic acid which codes for a secreted protein antigen 
i or for a hon-secreted protein antigen, by means of a 
vaccination. Other examples of genetic defects in which 
a nucleic acid which codes for the defective gene. can be 
administered, e.g. in a form individually tailored to 
the particular requirement , include muscular dystrophy 
{dystrophin gene) , cystic fibrosis (cystic fibrosis 
transmembrane conductance regulator gene) , 
hypercholesterolemia (LOL receptor gene) . : Gene therapy 
methods are also potentially of use when hormones, 



growth factors or proteins with a cytotoxic or' ip.niune- 
©ovulating activity : are to be synthesized in the body. 

; Gene therapy also appears promising for the 
treatment of cancer by administering so-called "cancer 
Vaccines 11 .. In order to increase the iiinaunogenicity p£ 
tumor cells, they aire altered to render their* either aore 
antigenic or to .naXe theia produce . certain inanune 
noclula ting substances e.g. cytokines, in order to 
trigger an iilnune response. This is accomplished by 
transf ectirig the cells With DMA coding for a cytokine, 
e.g. IL-2, IL-4, IFN-gamna, TKF-alpha. To date, most 
gene .transfer into autologous tumor cells has been 
: accomplished via 'retroviral vectors. 

The technologies which are hitherto most advanced 
'.■for the administration of nucleic acids in gene therapy, 
inake use -of retroviral systems for transferring genes 
into the cells (Wilson et al , . 1990, Kasid et al . . 199- 
0)~: However, the use; of retroviruses is problematic 
because it brings; at : least to a small degree, the dan- 
ger of side effects such- as infection with the. virus (by. 
ijrecdmbinatipn with endogenous viruses or contamination 
with helper viruses " : and possible subsequent mutation 
into the , pathogenic form) or the formation of cancer. 
Moreover y. the stable transformation of the somatic cells . 
in the. patient, as achieved with retroviruses, is not 
desirable in every case because it might make\ the j; 
treatment difficult to reverse, e.g. if side effects 
occur.! Moreover, with this type of therapy, it is 
difficult to obtain a high enough titer to infect enough 
cells, 

Nucleic iaeids as . therapeutically effective 
substances are also used to inhibit specific cell 
functions, e.g. antisense RNAs and DMAs have proved 
effective in. the. selective inhibition of specific gene 
sequences- Their mode of activity enables thorn to be 
used as therapeutic agents for blocking the expression 
of certain genes (such as deregulated oncogenes or viral 



genes) in vivo : It has already been shown' that short 
antisense oligonucleotides can be imported into cells 
and exert their inhibiting effect therein (Zamecnik 
et al, ; 1986> . even if their intracellular concentration 
is. low, caused, inter alia , by their restricted Uptake 
'by the cell membrane as a result of the strong negative 
charge of the. nucleic acids. 

Another approach to the selective inhibition of ; 
genes : is the use of ribozymes. . Again there is the need 
to ensure the highest possible concentration of active 
ribozymes ..in.': the cell, transportation, into the cell., 
being one of the limiting factors. 

:. Application of gene: therapy for achieving 
intracellular .i^riunity involves transduction of genes , 
which protect against viruses, so-called "protective ■ 
genes 81 , e-g- transdominant mutants of genes coding for 
viral proteins, or .DNA molecules coding for so-called. 
RfJA. decoys.. 

There, is consequently ? need for -methods of 
enabling the expression of DNA in . the cell.- 

• Numerous solutions have been proposed for improving", 
the transfer, of nucleic acids into living cells, which 
is one of: the limiting factors affecting their 
therapeutic use. 

: Various techniques are known for gene . 
transformation of mammalian cells in vitro , but their 
use in vivo is limited (these include the introduction 
of DNA by means of liposomes, electroporation, 
microinjection, cell fusion, DEAE-dextran or the calcium/ 
phosphate precipitation method) . 

In recent times, recombinant viral vectors have 
been developed to bring about the transfer of genes by 
using the efficient entry . mechanisms of thedr parent 
viruses. This strategy was used in the construction of 
recombinant retroviral and adenoviral vectors in order 
to achieve a highly efficient, gene transfer in vitro and 
in vivo (Berkner, 1968). Despite their efficiency, 



these vectors are subject to restrictions in terras of 
the size and construction of the DNA which is 
.transferred. Furthermore, these agents represent safety 
risks in view of the co-transfer of the viable viral 
gene. elements' of the original virus. 

In order to circumvent these restrictions , 
alternative strategies ; for gene transfer have beer 
developed, based on mechanisms which the cell uses for 
the transfer of nacronolecules. One example of this is 
the - transfer of genes into the cell via the extremely 
efficient route of receptor-mediated endocytosis (Wu and 
Wu, . 1937 , Wagner et al, , 1390 and EP-A1 0388 753) , This 
approach uses bi functional molecular conjugates which 
have a DNA binding domain and a domain with- specif icity 
for a cell surf ace, receptor (Wu and Wu, 1987, Wagner 
et al. , 1990) . If the recognition domain is recognized., 
by . the. ^ell surface receptor,., the. conjugate is 
.internalized: by the route of receptor-mediated 
endocytosis., in. which the DNA bound to the conjugate, is 
also transferred. Using, this method, it was oossible to 
achieve gene transfer rates at least as good as those 
achieved with the. conventional nethods (Zenke- et al 
1990) . • 

It has been shown that using this system DMA 
transferred into the -cell is expressed and, if a nucleic 
acid with an inhibitory effect "is used, the inhibitory 
effect -is not -.impaired by the transport system. - 

The PCT Application, wo 91/17773 relates- to a system 
for transporting. nucleic acids with a specific activity 
for T-cells. This system makes use of cell surface 
proteins of the T-cell lineage, e.g. CD4 , the receptor • 
used by the HIV virus. The nucleic acid to be., imported 
is complexed with a protein-polycation conjugate, the: 
protein component, of , which' is a protein capable of . 
binding to the T-cell surface protein, . e.g . CD4 , end- 
cells which express this- surface, protein are "brought. ■ 
into contact with the resulting protein- - 



■poly cat ion/ nucleic acid complexes. It has been shown 
that DNA "transported into the cell by means of. this 
system is expressed in the cell. 

One feature coainon to both inventions is that they 
ttse specif ic 'cell functions to enable; or facilitate the 
transfer of ■ .'nucleic acid into the cell* In both cases, 
iihe uptake ttechanisEts take place with the participation 
of factors which are termed "internalizing fact ors " . . 
within -the scope of the present invention . This term 
denotes factors which, being, cell-type-specif ic. in the 
narrower .br.vwider sense, bind to the cell. surface and 
are internalized, possibly with the cooperation of other 
factory (e T gJ cell surface proteins.) (In the case of 
r the. two; i nvent5.ons nentioned above, the internalizing 
factor is, r trar;sferrin : , or a protein Which binds to a T- 
cell surface/antigen, : e /g. ah -' anti-CD4 antibody)* The 
internalizing factor is conjugated with a substance of a 
pplycationic nature which, by virtue of its affinity for 
nucleic, acids, foras an association between . the 
internal izinq .factor and the nucleic acid. . (Substances 
. ; of 'this kind are hereinafter referred to as "substances 
with an affinity for nucleic acid*' or with regard to 
D^A, "DNA binding domain". If a substance of this kind 
as : part of the conjugate forms a bond between the 
nucleic acid and an. internalizing factor it is 
: hereinafter referred to as a "binding factor") . 

In the course of these two inventions the .optimum 
uptake of nucleic, acid into the cell was achieved, when 
the ratio of conjugate to nucleic acid was such that the 
internalizing f actor-polycat ion/ nucleic acid complexes 
were approximately electroheutral . Starting from this 
observation, the methods which use internalizing factor*- 
bihding factor/nucleic acid complexes to introduce 
nucleic acids into higher eucaryotic cells was improved. 

A method for improving the efficiency of systems in 
which the uptake of nucleic acids is carried cut by 
reeans of internalizing factors, was described by Wagner 



; Gtl alv » 1991a* In this method, the quantity of nucleic 
.acid taken up into the. cell is not reduced if part of 
; the. trans f err in-polycat ion conjugate is replaced by non- 
covalently bound polycat ion; in certain cases, this may 
even increase the DNA uptake considerably. 
. Investigations into the molecular state of transferrin- 
■ . polycation-plasnid: DNA conplexes produced with optimum 
ratios of DNA/con jugate showed that the plasmid DMA in 
. the presence of the conjugates is condensed into 

toroidal structures (resembling doughnuts) with a' 
' diameter of : .about 80 to : 100 nm) ... 

Experiments conducted : with proteins binding to, T- 
cells as. ihternalizing- factor. produced similar results. 

■ The addition 'of free substances with an affinity 
for nucleic acid also results in an increase in the 
efficiency of the introduction system; even when another 
= substance with an affinity for nucleic acid is used as. 
; binding, factor. •. 

The complexes described., by Wagner et al . . 1991a, 
which are. taken up into higher eucaryotic cells via 
. endocytosis by means. of internalizing factor, contain 
nucleic acid complexed with a conjugate of internalizing 
factor and binding factor. In addition, the complexes 
contain one or more . substances with an affinity for 
nucleic acid which may possibly.be identical to the 
binding factor, in a non-covalently bonded form, such 
that the internalization and/or expression of the 
nucleic acid achieved by means of the conjugate is 
increased, which would appear to be due primarily to a 
condensing effect but might possibly, be due to other 
mechanisms. 

Even if the rates of expression of the imported 
nucleic acid could be increased by this method, it' is ' 
still subject to restrictions. The practicality of. this 
system in a given context : s not solely determined by 
the presence of the cell surface receptor relevant to 
the. system; the limitations associated with the use of 
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this system are presumably a result of the fact that the 
conJugate-DNA complexes internalized in endosones enter 
the = lysosor.es, where they are enzyrnatically degraded. 
In crder .to. increase the proportion of nucleic acid 
which reaches the cell nucleus and is. expressed there, 
■ a - i - tGnaed ' attempts: were made,, in: experiments 
ppceding this invent ion,; to carry put the transfection : 
-of the cells in the presence of substances, which inhibit 
: the; eiizy^atic activity in the Tysosomes, so-called 
\ lysosorjtr.opic : substances . By using this, strategy # . 
augmented expression of-, transferred DNA was achieved;, 
however f - the reactions achieved • were highly- variable,/ 
depending on the substance used ; selected. lyscsor atropic 
substances: brought' about an increase in gene 'transfer, 
•whereas: ethers actually' inhibited it. Thus, .for ' \ \ 
exarnpl e , it was found that the. effective transfer of DNA 
depends on the presence cf the. weak: base chloroquine 
■■CZeske et al_, 1990, Cctten et aL, 1990). ThisVe'f feet ' 
achieved -by rears of chlcro^uine may not, or not 
exclusively, be, due- to. "the tact' that chloroquino : ■ 
increases the pK ,ih th* "iyscpc-.os; it viis found.; from a . ■ 
nu-borcf different expor'ir.onts, that other substances ' 
Jvhich, -like chicrocuine, have- the ability to -oduiate':' ; 
p.~, sucn as nonensin, arr.oniu:?. cnicride or r.ethyla-ihe> : 
could n^t replace chlcrcqu in* and. in sonie experiments ./ 
sorr - : - these" substances . ev»n shoved an inhibiting 

". io i 8 --r«-R^r .our.a tnat various taraot- ceils 

■show. -di-f rerer.t responses to the sa~e substance having a. 
lysosomotropic' activity. 

' - Since- gene transfer by. the physiological route, . as 
represented by recepcor-nediated endocytosis using 
nucleic acid complexes, has major advantages (non-toxic 
-echanis.- of passage through the ceil membrane; the 
possibility C f. administer inq biologically active, nucleic 
aLzios, . such- as genes, g-ne fragments or nucleic ( ;cids : '" 
vhich specifically inhibit cellular functions, on a 
r^;:o,:rtc-j or continuous basis; the possibility oi coil-. 



specific- t-r ? eti?g; -he-' possibi 1 ity 01 .producing t ne ' ■ 
conjugates in large quantities ),. there is- a ' need, to :-ake 
. this systeo. r.cre efficient . 

■ ; ■■: ' The ;air; cf-the present, invention was to - inprove .the 
^transfer of nucleic acid into higher eucaryctic cells/ • 
(The wore/ "transfer" within the scope of this invention 
r.eans, -apart ' f rcr* the; introduction of. the nucleic, acid" 
cor.pl exes, into the ceil through; the .cell rerbrane,: the " ' 
transport - of 'the complexes- or the nucleic acid, released • 
■: therefro- within the eel L until -it . reaches ■ an; 
.appropriate; site to . be\ expressed > . The:.h;gher 
-eucaryo:;;:-: ^i: s are veil' known -"Arse: ;o net' include ' 
•yeasti-; ! /W; v r. ^:v' / ( 102 7 ).; ^ / * . 

"•; ' ^Tr-r^ty of ^rus-^ effect -their entry ''into" the ' 
;eucaryot;i-.h-^- .by roans c: rechanis:^ vhi.ch. cor respond • 
a,n ; princ-irlv.--- -he -echanisrv of receptor -mediated : 
endocyt -.is;:.. Virus infection .bnsed on this -r.echar.is- .. : 
■generally :;- 7 i-^ with the binding of virus articles, to 
.receptors : r. vrhe cell r.en>brane ..- After" this , the; virus' 
is. inter- into . the ceil .' ■■t'h.ic internalizing 
* process :.-;/; "cc^on- route , • -urrasponc-ino tp'.tr.e 
entrahco ys :o Lcejica 1 ii-anis or racro-slecuies 

the cell': :;rct- of ail, the . re raptors on. the. cell 
surface :;r;— : v the — elves in "rjr^-upj;,- to " forr. a so-, 
called pit", ..^d the r-^r, n , is inverted :." 

inwardly ;: r -s "a vesicle sur rounded by a coatiny 

After Vv.;icie hV rid -it ; :e! : s: Its c • achrir. 

acic:: ;:; -likes place .in;: lie- : t . by neans of a pr 

pu^p -icc.:t- -.: th- r-enbrar.e. '-rinners rne release 

of t:v:- - r .,. onu - - orx . , ■ yi-jnding on whether 

the .v:r;r. h-iT ".a lipid coat or net, two types' : of virus' 
rel ease :r:~. t.::^ ends-some were taken ' i ntc': account : in 
the case o: so-ceiled "naked" viruses, (e.g'. adenovirus,, 
pol lovirus, rbinovirus) it vas rented- that the low oH 
causes :;:;/::-.-:os in ccr.'forr.aticn in virus proteins. This 
■exposes hy .:rs:,hebic domains vhicrh are net access is io ■ at 
the phy:;iv;:, 7 ;cal p\\ . These d trains thus acsuire the 
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abl Li ty ' to .. interact, with the endosorve - rcerrJbrane and : . 

thereby cause ch--!/ release of the virus genome f rom - the : < 

endosoiae into the ; cytoplasin. As for viruses with. a ' 

;Iipid;. coat .(elg. vesicular stomatitis .virus, Semliki 

Forest virus, influenza" virus) it is presumed that the ; 

Jiow pH;. modifies the structure or cdnforrr.at ion of some 

.■: virus.: proteins, thereby promoting the: fusion -of- the 1 ; -,: 

.virus r,enbra?.e. with the endosome ~ merisrane . Viruses. 

.-'which- penetrate- 'into the\cell by neans' of- this, .^echanisnr" 

: have certa in:; -oiecular pecul iar i ties which e;-.v ;: *. e , : " then; 

to break- -up the. er.dcso^e .membrane in. order to gain entry'.' 

-dnto the, cytoplasm ■ ■■-[. ■■.;;'. :■.; : 

- Other viruses', evgr the coated viruses . Sendai ,-vHIV.- 

■. and -sp;aevs trains of Moloney leukaemia .virus; or the . -.- ;,. /. . 
uncoated. viruses SV40 and polyoma , . do not. need a low pH- 
milieu ..for penerraition : into the cell ;;. they can- eizher 

: h r ing • ac ou t f u s i o n - w i t h . th e niemb r a n e directly; on the. . < : 
surf ace. of the eel I \ (Sendai /virus , possibly HIV) or. they 
are • capab le o f ■ / cr i g g e r i ng - ' r.echa nisr.s for breaking-, up ' th e " 
cell rr.e-brane cr passing through it. It is- assumed that . 

: the : .viruses which a re independent of pK a re also capable 

■ of. using the- .. endocytosis. r^utc";-vMcClure et al ; 1990) .' 
- .. -= vrhen sclvir.o- the pr^-^er^ of the invention, the . 
starring prer. ise was to;;,;^ke - use- of the :~echanis^= used 

.•by., certain . viruses -to penetrate into- eucaryotic -cells , 
in order to" -1- prove- the' .transfer "of nucleic acid 

- . conpiexeG. into the cell and thereby increase expression. 
.Attempts* have been made to internalize proteins 

; together- with: viruses' into the cell (Gtero .and Carrasco, 

. 19.37) .. . It was found that the permeability achieved in 
the cell; by -the virus is used to deliver rr. acre molecules . 
The procedures taking place would appear to be fluid, 

- .phase uptake r-echanisms. 

Using 'epiderr-ai grov;th factor ('£,07) . , conjugated to 
a, toxin, -it. was tdund that this natural iigand, which is 
taken up into tho. cell by endocytosis after binding to 

.its receptor , lands in the sane end cs one together with 



rhe , -adenovirus;/; which , Is also taken up: into the- cell-by 
receptpr-med and is. released: from this 

endosoroe;; again ; tcgethef -with the virus/ Into the , ; 
^eytosol (FitzGerald et al> . .1983} : - : V : . 
'^\vx : .V^:^ W^?"'; found,.; surprisingly f thai: the presence of 
;^^^^:^ents : : (e^g. viruses, virus : ccnponents or other 
•£cti^ exhibit the 'characteristics of;' 

certain .viruses t he i r .necha n ism. : . to: e nter; ' 

^^^eawotLc: eel is , substantially- increase the rate - 
5 °^ ; ex ?F?f s 1 on o a"; : nucle ic: acid : ircpo.r-ted into the cell- ■ 
; as ^,0f^ of/arcoinplex. : ^hjfe of indlng was ; particularly 
^^^v^ 1 ^'^ : -the/nuclelc . acid complexes taken: up into'' "~ V 
-^he4beil^ C ; ■ ' 7" r :- ■ " 

; V to ^ composition 

; f p£ t^^ of higher eucaryptic cells with a 

. cpnplex pf nucl eic acid and a .substance .having Van l : - 
^aff ini cyf f or nucle ic acid , . which substance .lis optional ly . 
. coupled ,wlth :an:. internalizing "factor . -; : The' exposition ' 

i s, character i z ed . in that it cont a I ns : an agent which ; has. 

the'. ability- to^be internalized :;i.nto ; the - cells which ^are^ 
:,being/..^ per, 'se . or as a- component of - : . 

the nucleic acid., complexes; and of releasing the 

contents- of tlhe endosomes/ : in which the ■ complex', is .: 
;iopated; : afrer ; entering the', ceU", yinto .^'he- cytoplasm"." "• . 

"endosoniolytiic agent - -■ • 

, ' ?he.; ab ; il iry -,o'f r the endosonoiy tic . agents to be; taken 
up into the ; dells "and ^ release the contents of the , 
. endosoines, in- which, they are located after entering, .the ; 
cell v into the cytoplasn, is hereinafter referred to as 
"uptake function".: This; uptake" function comprises the 
ability. to be internalized into the cell actively , via 
receptor-dependent endocytosis mechanises, or passively, 
via. the liquid phase' or as a constituent of the nucleic 
acid complex/ and the ability to break up endosomes, 
whicn is. generally referred to as endosonolytip activity 
or endosor.olysis. 



In .one enbodinent iof the invention the.; 
e ndospricly t ic agent is a virus. In another embodiment ; 
the,' endpsp:nblytic agent is a . virus coinponent. The' virus 
or virus cpnponent employed in these embodiments of . the. 
invention is her eina f t er referred to as 7 "free" virus 
(component) ♦ 

; > 7 Within'^ the ; 
activity of an increasing dose of free adenovirus oxi the 
geine -transfer capacity " of ;. : a ; constant .quantity of _ - ; 
itransf errin-polylysine conjugate in HeLa cells was 
investigated, using the -iucif erase gene- as ^reporter 
gene. ■ The. augmentation , in. gene ; transfer brought about 
,:by, the adenovirus reached, a. peak, at Ixl'O 4 - virus . particles . 
per ceil, a number -which corresponds to the approximate : 
v number of 'adenovirus recepttors : per KeLa cell . . The; 
augmentation, .up to 2obo-f;old, of lucif erase expression . 
compared : with the . expression adhieved with the 
. transf errin-polylysine' conjugates -alone , corresponded to 
;;^he";;higher -'cose :of"/ virus.' In another, series of 
: -experiments^ the capacity of limiting quantifies of 
ccnj.ugate'-DNA cc-piexes vas investigated in the presence 
of a constant dosage of free adenovirus. It. was found 
that the\ uptake of adenoviruses into the cells augmented 
the .gene, transfer eclated by. transf errin-polylysine . 
,: 'oyer a ' wide: range of DN T A dosages. The naxir.ua intensity 
'. of gene expression- achieved by means of the conjugate-^ 
; DNW complexes corresponded to the intensity, achieved 
with 100 tines less DNA when adenoviruses vera used to 
increase, the efficiency of transf ection. . 

The effect of adenoviral infection on gene, transfer 
was examined for both uncomplexed DNA and DN T A that had 
been completed with polylysine or transf err in-polylysi.ne 
conjugates (Fig- 3 A) . By this analysis, adenoviral 
infection did not significantly, augment transfer of. 
naked, uncomplexed DNA during transf ection . In narked, 
contrast, transfer of D^A complexed to polylysine or . 
■transferrin-polylysine conjugates was augmented by. 
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adenoviral, infection.. -This et-i'oct ,yas r however, much 
greater:; for the . transferrin-polylysine conjugates. . 
Since the ppiycat ion portion of • the. conjugate molecule 
not oni-y. serves to attach transferrin to DNA, but also, 
effects significant structural changes in the DNA 

: (Compacting; into toroidal structures; Wagner et al. . 
i99 . 1 ^)> : ; these ..experiments could not initially - . 

. differentiate -whether the : observed effect was on the 
basis of enhanced ■ fluid-phase' transport of the 
pplycation-ccndensed : DNX or virus -augmented delivery of. 
receptor-bound; con jugate-DNA complex. To distinguish 
between, these ■-.possibilities / sequential binding .. 
experiments >vere.. performed / (?ig->^!..3 3) 'Binding- of ■ 

; trans ferrin-;pcly iysine-DNA .'or. polyiysine-DNA complexes : " ; 
*t -low. temperature without : internalization, allowed 
removal • of. excess .compl ex in the fluid phase prior to . 
adenoviral' infection. (ritzGerald et ah . 19S3) . when 
administered in this fashion,, delivery of the receptor- ' . 

.bound 'trar.sferrir.-poiyiysihe'-D.NA complexes . was; 
s ig n i f i ca h 1 1 y e u gme n tec : by the add it io^ of acerc v ira 1 

. particles , whereas the pclyiysihe-DNA ccr.pl exes were 

: not;.". : Thus, it . is the' entry cf ■■ DNA into the ceil by the 

: receptor-mediated.; endocyt os is pathway which is 
spat. if icaliy enhanced . 

, ■■ .Next.; analysis -as made, cf the specific adenoviral 
function which brings about enhanced receptor-mediated 
gene, transfer' (Fig. 3C) . ' :-:iid heat treatment of virus- 
particles does not alter their ability to bind to target 
cell membranes but does affect their capacity to disrupt 
endesomes after internalization (Defer et al . : . 1990) . 
Thus, the distinct effects of viral binding and viral 
entry into the cell could be separately evaluated on the 
basis of this finding. '. The tests carried out within, the 
scope of this invention showed that heat inactivetion- of 
the adenoviruses completely abolished their ability to 
enhance receptor-mediated gene transfer via receptor-', 
mediated endecytosis . This suggests that it is the 



capacity of the adenoviruses to disrupt endosones as 
part *6£..theix s y entry xaechanisia which specifically effects 
enhancement , of gene delivery by trans f err in-polylysine 
conjugates- ; The fact that a replication-defective: virus 
strain could result in: an increase in gene expression/' 
conf irns the assumption that this phenomenon is not due 
to the, replication if unction but due to the uptake 
function of the virion . 

To rule out the possibility that the increase in 
gene expression can be ascribed to possible 
transact ivation of ■ the inported gene by the virus , 
experiments ve re carried out with a. cell line, which . " . 
ccnstitzutiveiy expresses the RSV^LTR luc if erase gene: : 
adenoviruses show no effects in this ceil line, whereas 
in the parentai cell line into whiqh the gene had been 
introduced; by neans : of transferrin-polylysine 
conjugates, there was a significant increase in gene . 
expression; This, finding • demonstrates that the 
^adenovirus influences events which take place before 
transcription and that its enhancing effect on gene 
transfer thus, acts at the gene transfer level and not at 
the. gene; .expression level. (Fig.. 5) . 

Investigations were also carried out within the 
scope of the invention to find out what effect 
ad enovi ruses have on; gene transfer by neahs of 
..transferrin-polylysine conjugates in selected cell 
-lines. . It vas found that the presence of transferrin 
receptors on target cells is necessary, but not 
sufficient in every case, to pernit gene transfer by 
transferrin-polylysine conjugates. Cell-specific 
factors relating to the fate of endosorne-internalized 
conjugate-DNA complexes appear to be an extremely 
important determining factor in the levels of gene 
transfer achievable by this route. In this regard, 
selected cell lines were examined for both gene transfer 
by transferrin-polylysine conjugates and augmentation, of 
gene transfer by adenoviruses (Fig. 4) . Cells of a 



cystic ; f ibrosis cell line (CFTl) snowed r-oderate levels 
of luciferase gene express ion after, treatment wixih 
: transferrin-polylysine-DNA complexes. This level of 
expression was significantly .augmented by treatment with 
the adenovirus d!3 12. In marked contrast, KB cells 
treated with the t:ransferrin-polylysine-DNA complexes 
exhibited levels of luciferase gene expression barely: 
above background levels, despite the presence of 
transferrin receptors. Treatment; with adenovirus dl312, 
{however, resulted in readily detectable luciferase 
. a c t i v i t ie s in these 'cells.' Tr e a t ^ en t . 6 1 • H La - c e l Is w i th 
•adenoviruses^ -had. a. similar, effect, although c.nis effect • 
, : i^as : .substarxially"':st ranger in these cells. Since He La 
eel Is; and KB- ceils "posses s .- a pp r ox in a t el y .the sane nunbe r 
of receptors .for: the adenovirus, the difference in 
. augment ation of ;th"e' g.ene transfer nay reflect the nunber . 
••\bf -transf err in , receptors \ characteristic of" each cell . 
type. However, in marked contrast to these results, the 
ceil lines W1-3S ani; , vhich are known to support 

adenoviral -':inf ecticr.' very poorly (Precious and Russell,.. 
.19 5 5 ) shoved very little, a u gme n t ation wi z h i : 3 1 2 of the 
g e n e expr e s s i o n a ch i e y e d b y peans of the conjugate- DN A 
complexes alone . Treatment with adenovirus/ would 
therefore appear - tc augment gene transfer by means of 
"conjugate-DNA complexes in those cases where the gene 
transfer is : possible by receptor-mediated endecy tosis', 
as in the case of Cftl ceils, and also in sor.*j instances 
where gene transfer by this route appears tc be 
ineffective, as for HeLa and KB cells. The level of 
augmentation achieved varies significantly among 
different target cells, suggesting that this effect is a 
function of both the number of virus receptors, e.g. 
adenovirus receptors, of a certain cell type and also 
the number of transferrin receptors. 

In case of the use of free virus, the substance 
having an affinity for nucleic acid, preferably an 
organic polycatior. , is preferably conjugated with an 
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internalizing factor. It .has,,; however, been found, 
according to the, invention / that under certain 
circumstances DNA coiaplexed only with a,, substance having 
an affinity for nucleic acid, i.e. without internal sizing 
factor^ can be introduced into the ciell in the presence 
of free virus. It was also found that, in some ceil 
lines, the complexes consisting of nucleic acid and a 
substance having an affinity for nucleic acid can be 
introduced vt^ough the fluid phase if the; concentration : 
°f complexes is; high enough. The experiments, 
catried out .within the scope of the present, invention . 
znd previous ones showed that an; essential element for 
;the Uptake \ capacity of the nucleic acid complexes is ; 
S h ^ r co ^pactness,; which, can be -ascribed, to the 
condensing of : the nucleic acid by the substance having 
an .affinity for. nucleic acid. ... If the substance having, 
an affinity for nucleic acid hias sufficient capacity for, 
binding to the cell surface in order to enter, into the 
cell together with the virus, as well as being able to 
..render, the cbr.plex; substantially electroneutral and 
. condense the nucleic acid into a compact", structure,"' 
i there nay. not be a need to increase the entry capacity 
by coyalently binding an internalizing factor to the 
substance having an affinity for nucleic acid in order 
to transfer the complex into; the cell by receptor- 
mediated ehdocytos is. Kany cells have a relatively high 
affinity for certain substances having an. affinity for 
.nucleic acid, so thatthe conjugates of nucleic acid and 
binding factor are taken up into the cell without the 
need for an internalizing factor. This is true, for 
example, of nepatocytes, which have been found within 
the scope of the present invention to take up DNA- 
polylysine complexes. 

In a preferred embodiment of the : invent ion, the - 
endosoinolytic agent is a virus which is bound to a 
substance having an affinity for nucleic acid and which 
has the. ability to enter the cell as part of a 



conjugate/nucleic acid coraplex and release the contents 
of the endososes , in which the complex is located after 
entering the cell, into the cytoplasm. 

In another preferred embodiment, the endosonoly tic 
agent is ; a ^ virus component which is bound to a substance 
haying an affinity for nucleic acid and which has the" 
ability to enter the cell as part of a conjugate/nucleic 
acid conplex an* rel ease the contents of the endosomes, 
in which the ccnplex is located after entering the cell, 
into : the cytoplasxa. 

Viruses or virus^ components bound to the nucleic 
acid binding domain/ irrespective of the type of 
binding, are hereinafter designated "viral conjugates". 

The viral conjugates # which are also subject of the 
present invention^ contain the virus or virus component 
as an integral part of their functional construct and 
combine the advantages of vector systems based on 
internalizing factor; conjugates with the advantages 
which the viruses bring into these systems . 

rurtherrrore, the viral conjugates according, to 
these er-bodinents of the invention have, the advantage 
that they circumvent the fundamental restriction 
inherent in the Jcnovn bifunctional conjugate systems for 
gene transfer by receptor-mediated endccytosis, in that 
they have a specific mechanism which enables them to be 
released from the cell vesicle system- The viral 
conjugates according to the invention constitute a 
fundamental conceptual departure from the recombinant 
viral vectors, in that the foreign Df*A which is to be 
transported is carried on the outside of the virion. 
Consequently, the viral conjugates according to the 
invention can transport very large gene constructs into 
the cell, with no restrictions as to the sequence. 

The suitability of a virus, which is lc be employed 
as f r-2e or bound virus or part of a virus as virus 
component within the scope of the present invention is 
defined by its uptake function. Suitable viruses are, 



on the one hand, those which have the ability to enter 
into; the ceil by receptor-mediated e.ndocytosis during 
trans fectioh of the cells with the nucleic acid complex 
and, bring about their release - and hence the release of 
t^e. nucleic abid from the endosome into the cytoplasm. 

• Without wishing to be tied to this theory, this 
neohanisia could benef it the nucleic acid complexes 
transferred into the cell in so far as these complexes 
are conveyed together with the viruses from the 
endosbmes into the cytoplasm, assuming that they arrive 
in the same 3nd0s0r.es . as the viruses on. being 
: internalized, When the nucleic acid complexes contain 
the virus in bound form'' they benefit from the virus' 
endosbmp lytic. activity and are conveyed from the 
endosbmes into the cytoplasm. This avoids the fusion 
between : endosomes and lysosomes and consequently the 
enzymatic degradation which normally takes place in 
these cell organelles. 

For . examples of viruses and higher eucaryotic cells 
into which they are capable of penetrating, reference in 
made" to. Fields and Knipe 1990 , for example . The 
susceptibility of a. given cell. line to transformation by 
a virus used in the form of a free virus to facilitate 
entry of nucleic acid complexes into cells is dependent 
upon the presence and number of target cell surface 
receptors for the virus. with : regard to the adenoviral 
cell surface receptor methods for determining its number 
on HeLa and KB ceils are taught by Svensson, 1990;. and 
Defer, 1990. • 

Viruses which are suitable for the composition 
according to the invention and whose uptake function, 
occurring at the start of infection, occurs by receptor- 
mediated endocytosis, include on the one hand viruses 
without a lipid coat such as adenovirus, poliovirus, 
rhinovirus, and on the other hand the enveloped viruses . 
vesicular stomatitis virus, Semliki Forest virus, 
. influenza virus; pK-dependent strains of Moloney virus 
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are also suitable. Particularly preferred viruses which 
nay be used in the practice of the invention include 
Adenovirus subgroup C, type 5, Senliki Forest virus, 
yesicuiar Stbscititis Virus, Poliovirus, Rhinoviruses and 
Moloney Leukenia Virus. 

- The use of RNA viruses which have no reverse 
transcriptase in the present invention has the advantage 
that transfection in the presence of such a virus does 
"not result in generation of viral DNA in the transfected 
ceil . \I n the present invention, Rhinovirus HRV2 , a 
representative of ; the Picornavirus group, was shown to 
increase expression of a reporter gene. The efficacy of 
the Rhinovirus was demonstrated both in free forn and in 
the forn of virus conjugates. 

. ; Within; the scope of the present invention, the term 
viruses ;- provided that they are taken up into the cell 
and release the contents of the endosor.es in which they 
arrive- includes in addition to the wild types, mutants 
which have lost certain functions of the wild type, 
other than their uptake function,. especially cheir 
ability to replicate, as a result of one or -ore 
nutations. . ; 

. Mutants are produced by conventional mutagenesis 
processes by nutations or deletions in virus-protein 
regions which are responsible, for the replicative . . 
tunctibnu, are not necessary, for the uptake function and 
which nay be complemented by a packaging line. These. . 
include, e.g. in the case of adenovirus, ts-r.utants 
(temperature sensitive mutants), E1A- and EIB-nutants, 
mutants which exhibit mutations in MLP-driveh genes 
(Berkner, 1988) and mutants which exhibit ..nutations in 
the regions of certain capsid proteins, virus strains 
which, have corresponding natural nutations are. also . 
suitable. The ability of viruses to replicate can be 
investigated, for example, using plaque assays known 
fron the literature, in which cell cultures are covered 
with suspensions of various virus concentrations and the 



nuaber. of lysed cells which is visible by means of : 
plaques is recorded (Oulbecco, 1980). 

Other viruses which may be suitable for use within 
the : scope pf the invention include so-called defective 
viruses/ i.e. viruses which lack the function necessary 
*^*u£°^oas virus replication in one or' more genes, 

Uiey require 'helper viruses. Examples of this 
category^ are Dl-particles (defective interfering 
particles) which are derived froa the infectious 
standard virus., have the same structural proteins as the 
standard virus, have nutations and require the standard 
virus as a helper virus for replication (Huang, 19S7; : 
Holland, 1990) . Examples of this group also include the 
satellite viruses (Holland, 1990) . Another group is the 
class of parvoviruses called adeno-associated virus 
(Berns, X.I. ; 1990). Since the entry cycles of. many 
viruses in the/ cells are not completely characterized, 

A s ; lively that there will be other viruses that will, 
exhibit the endosoaoly tic. activity required for their 
Suitability in the present invention'. 

■ ; } Ai'sc> suitable within the scope of .this ' invention ' 
aaybe attenuated live vaccines. (Ginsberg, 1930) or ! 
vaccination strains. 

The tern viruses within the scope of the present 
.invention also includes inactivated viruses, e.g. 
viruses inactivated by chemical treatment such as 
•treatoent .with .formaldehyde, by UV-radiation, by 
chenical treatment coiabined. with UV-radiation, e.g. 
psoralen/UV-radiation or bromodeoxyuridine treatment, by 
gamaa-radiation or by neutron bombardment. Inactivated 
viruses, e.g. such as are also used for vaccines, may be 
prepared by standard methods known from the literature 
(Davis and Dulbecco, I960, Hearst and Thiry, 1977) and 
tested for their suitability, to increase the transfer of 
DN'A complexes. In experiments carried out wichin the 
scope of the present invention, adenovirus preparations 
were inactivated using a conventional UV sterilization 
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lamp; or with formaldehyde. It was surprisingly found : 
,that the degree of inactivation of the viruses was 
substantially greater than the reduction in the gene 
transfer: effect, .which was. achieved when adenovirus was 
added to the transection medium. Experiments carried! 
•out with preparations of psoralen/uv-inactxvated 
biotinylated adenovirus , : which was coupled with 
streptavidin-cqupled polylysine , also showed that as a 
result of the inactivation the virus titer decreased 
considerably nore sharply than the gene transfer 
capacicy. This is a clear indication that mechanisms 
which are connected with- the normal infection mechanism 
m the active virus can be destroyed without destroying 
the effect which is essential for gene transfer. 

: . The; term "virus components" denotes parts of 
Viruses, e.g. the protein part, freed from nucleic acid 
. .(the enpty virus capsid, which Bay be produced by 
recombinant methods, e.g. Ansardi et al. ,. 1991; Urakawa 
et al,., 1939), proteins obtained by fractionation or 
peptides which have the endosomolytic functions of the 
intact virus essential for the uptake function. These-, 
virus conponents may be produced synthetically, 
depending on their size either by peptide synthesis or 
by. reconbinant methods . . In. the present invention 
adenovirus proteins conjugated via biotin/streptavidin 
to : polylysine were demonstrated to enhance gene 
transfer. .Examples of fragments of proteins from 
viruses. other than adenovirus, which are essential for 
internalization, include influenza virus hemagglutinin 
(HA). The N-terminai sequence of the influenza virus 
hemagglutinin HA2 subunit is responsible for releasing 
the virus from the endosome. It has been shown that 
peptides consisting of 20 smino acids of this sequence 
are capable of fusing lipid membranes and partly 
breaking them open or destroying them (Wharton et al. 
1983). i n tne present invention, . authentic and modified 
influenza peptides were successfully employed i: various 



embodiments* Another example are coat proteins of 
retroviruses, e.g. HIV gp41 (Rafalski et al. .'• 1990) or 
pairts of -these virus proteins. 

The use of viruses which have the ability : per se to 
enter cells and thus function as internalization 
factors, is but one aspect of the present invention. 

Viruses or virus components which themselves do not 
bring the capacity to bind to the cell and enter into 

■;-it> are preferably used as viral conjugates as defined 
•above, ^coupling to a DNA binding domain, e*g* a 

vpoiycation, ensures that the virus or virus component 
acquires a high affinity for DNA nolecuies and is thus 

: ccinpiexed to it, and transported into the cell as a 
component of the t)NA complex, which also contains : a 
conjugate of internalizing, factor :and DNA binding 
domain. In addition to the transfer effect thus 
achieved; binding of the virus or virus component to a 
nucleic acid binding domain may also result in an 
improvement in its endosomolytic properties. 

3y choosing. other internalization factors, 
practically any higher eucaryotic cell may be 
transf.ected with the compositions of the present 
:invention-.-. 

One can determine with- a simple screening assay 
whether a given virus or virus co-ponent has an uptake 
function as defined in the invention and is thus 
suitable for augmenting gene transfer. In this assay, 
e.g. for testing a virus for its applicability as free 
virus/ the target cells are contacted with a DN'A complex 
in the presence or absence of the virus,; The amount. of 
DN A complex released into the cytoplasm can then be 
easily determined by detection of a narker gene product, 
e.g. luciferase. If. the presence of the virus causes 
the DNA complex to be taken up and released into the 
cytoplasm at a greater level than without the virus, 
this nay be attributed to the uptake function of the 
virus. it is also possible to compare the level of 
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uptake with the test virus when coiapared to another 
virus known to have a suitable uptake function, e.g. 
adenovirus subgroup C, type 5. Tests' of this kind may, . 
also be applied to viral conjugates, whilst additional 
paraTOeters ; such as various internalizing factor .; 
conjugates in varying amounts may be subject tb such 
tests- Furthermore, a person skilled in the art can 
easily apply assays of this kind, optionally in 
combination with other tests, e.g. liposome leakage 
assays, for testing virus components or other agents 
with potential endosomolytic activity for their ability 
to enhance gene expression. 

, When intact viruses are used, tests, are carried ; 
out, preferably parallel to the .preliminary tests 
investigating the virus for its ability to augment gene 
transfer, to see whether, the virus is capable of 
replicating/The investigation for ability to replicate 
is carried out by. using plaque assays (see above) in the 
case of cytopathic viruses or in the case of viruses 
which significantly impair the- growth of the host cells. 
For other viruses, detection methods specific to the 
virus in question are used, e.g. the hemagglutination 
test or chemico-physicai methods, e.g. using an electron 
microscope . 

Within the scope of this invention, the preferred 
viruses, in particul those which are applied as free 
viruses, are those which can be . produced in a high 
titer, which are stable, have low pathogenicity in their 
native state and. in which a targeted elimination, of the 
ability to replicate is possible, especially 
adenoviruses. If a specific cell population is to be 
transfected, viruses which specifically infect this cell 
population are preferred.. If the transfection is 
intended to target different cell types, viruses which 
are infectious for a wide range of cell types- nay be 
used . 

The- requirements are that the virus preparation 



should be of. the greatest possible purity and that a 
stabilizing buffer should be used which is matched to 
the: particular virus. 

In any case/ for therapeutic use of the invention 
1H vjLvo only those viruses or virus components may be 
used in which the safety risks are minimized as 'far as 

.possible, particularly the risk of replication of the 
virxis: in -the target cell, and recombination of virus BNA 
with: host p^A. .■ ■ ; " ; 

. Advantageously, ; the entry mechanism of viruses 
which infect animals other than humans : may. be used to. v 
enhance ; the. uptake and release, of ON A into higher 

- eucatyotip cells, especially of hunans,: so long as the 
virus exhibits .endoso^e disruption activity in. the 
higher : euc?;r^'otic cells. . Members of the adenovirus 
fasily .have been isolated fron avian species, from ; 
amphibians i and - from a variety. of other animals (see, for 
example, :.'Laver et al,y 1971;, Bragg et al. . 1991; 
Akopian et al. . 1991; Takase et al : , P 1990.; Khang and 
Nagaraji 1939; and Reece et al , , 19S7) . Amphibian, 
avian, bovine, canine, murine,, ovine, porcine and simian - 
adenoviruses, as veil as human adenoviruses, are J 
available from the. American. Type Culture, Collection, 
Rockville, Maryland (See the American Type Culture 
Collection Catalogue of -Animal viruses and Antisera, 
Chlamycae a-d Rickettsiae, Sixth Edition, 1990, . C.: ■ Suck 
and G. Paulino eds., pp. 1-17}. 

Possible advantages of using a virus, e.g. an . 
adenovirus, from a distant species night be a reduced 
toxicity in the target cells (e.g. the chicken or frog 
adenovirus would not be expected to replicate or 
initiate early gene expression in mammalian cells) , a 
reduced. hazard to the investigator preparing the distant 
adenovirus, compared to the human adenovirus, and 
reduced interference from antibodies against human or 
murine adenovirus. The absence of interference by the: 
human or murine antibodies is particularly important 
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when . the viruses are employed in gone therapy in humans 
"and Taice - - . 

The; chicken adenovirus CELO (chick embryo lethal 
orphan virus) shows ho reactivity to antibodies that 
recognize the major group epitopes ; of * the adenoviruses 

; -infecting.-. aaa^Iian cells. Moreover, CEI/D virus nay be 
grown ' in enbryonated eggs . to . give high levels of virus 
(0-5 Bcr/egg? laver et al. , 1971), ' As shown in the 
Examples, CEtc-poly lysine conjugates augment DNA 
delivery to HeLa cells at levels comparable to the hunan 
adenovirus di:;X2 . Thus, the use of CELO conjugates to 
augment . DMA delivery., holds great promise in human- gene - , 
therapy experiments . • 

Viruses of .distant species. are preferably used as 
constituents of viral conjugates in combination 

'complexes, as herein; def ined.;' '„ 

In..; conjugates of the invent ion. which contain a 
virus, binding of the virus to the nucleic : acid binding . 
domain may be covalent or npn-covalent, e.g. a biotin- 
streptavidin bridge or an ionic binding If the virus has. 
areas. on its surface proteins which are acidic and 
therefore can bind. to a polycation. 

In experiments of the present invention, complexes 
were. formed under conditions which allow icnic : 
interaction between /adenovirus and polylysine before 
completing with DNA. Control experiments were conducted 
under conditions where polylysine is first neutralized 
yith DNA and. is therefore not free to bind the 
adenovirus. The. complexes with ionically bound 
adenovirus were superior in these experiments. 

Examples of virus componentc in the scope of the 
invention with endosomolytic activity are the empty 
virus capsids or viral peptides. Binding of the virus 
component to the nucleic. acid binding domain may be 
covalent, e.g. by chemically coupling the viral, peptide 
with polylysine, or non-covalent , e.g. ionic in casas 
where the virus comoonent has acid residues to bind to a 
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golycation. 

The: ratio of Virus or virus component to the 
s\^stance^{h may be varied. 

In case/bf-influenza haemagglutinin peptides 
; pblylysin<e con jugate It was found in the present 
invention be augmented to a 

greater, extent when the ^content of viral peptide in the 
■V 'conjugates as higher * 

\ In another aspect: the present invention relates ;to 
methods of preparing the con j ugates according ; to the 
• .invention ■.. from virus (component) and a substance haying 
an - : af f ihity : f or nucleic, acid-' . ; 

. The/yira2:--cpnjugates 'maybe prepared (like the ' 
^ internalizing factor-polycation conjugates) by coupling 

the components or, if .the virus component .and- pblycation 
V ; : are --polypeptides';, by the irecombinaht method; with regard 
; J- : to' methods . of ; preparation -reference is :made ; to the 
disclosure of . EP 388 758. 

;. Binding of virus or viral proteins or peptides, 
^respectively # . with polyamirie compounds by the che.Tiieal 
■■• method can be effected in the manner which is already. 

known for: the coupling of peptides and if necessary, the . 
" individual.^ components may be provided with linker 
substances before the coupling, reaction (this measure, is 
necessary if there is no functional group available 
which is .suitable for the coupling, e.g. a mercapto or 
alcohol group) . : The linker. "substances are bifunct ional 
compounds which .are reacted first with functional groups 
o-J the individual; components, after which the modified 
individual components are coupled. 



Coupling may be carried out by means of 




a) Disulphide bridges, which can be cleaved again [ 
under reducing conditions (e.g. when using succinimidyl- 
pyridyidithiopropionate (Jung et_aJL_, 19.81). 

b) Compounds which are substantially stable under 



biological . conditions (e.g. thicethers by reacting 
naleiraido -linkers with; sulfhydryi groups of the linker 
bound to the second component), 
c) ] Bridges which are Unstable under biological 
conditions,' e.g: ester bonds, or acetal or ketal borids : 
which;: are unstable under slightly acid ic conditions. 

- In, experiments carried oxit within the scope of the 
present invention, , ! endosonolytic inf luenza-hemagglutinin 
KA2rpeptides were coupled,: with polylysine by the 
chemical nethcd using, succinimidylpyridyldithio- . 
propionate (SPD?)-; It .was shown that the. modification . 
of the; /peptide vita polylysine increases the 
endpsoTnolytic activity. '. Transf ection experiments showed 
thai the 'efficiency by 
tr^nsferrin-pblylysihe is substantially increased if the 
' inrfiuenza peptide-poly lysine, conjugates are present, 
together with transf errin-polyiysine in, the DNA complex • 
:Moreover, within the 'scope of the present , 
.invention, .adenovirus was bound to polylysine by various 
dif ferent Tie thcds . One vav . of conjugating the virus 
with polylysine was; effected in a similar manner to the 
production of trar.sf errin-polylysine conjugates (Wagner 
, et ah ". 1930) ' after modification of the defective 
adenovirus d!3ir: using a heterobi functional reagent- 
Unbound polylysir.-r' was removed by centri f uging. The DMA. 
binding, capaci-y ioriOhstrated in a binding 

experiment using radioactively labelled DNA. in X552 
cells in the, absence of chloroquine, substantially ' : 
higher gene transfer was found with complexes consisting ; 
of DNA; adenovirus -polylysine. and trans f errin- 
polylysine, than with unmodified adenovirus which is. not 
bound to the DNA. It was also found that significant 
gene expression occurred with only. 0 . 00C3 ; u-g of DtfA in 
5xl0 5 HeLa cells using polylysine-modif ied adenovirus. 

If the virus or virus component contains suitable,, 
carbohydrate chains, they nay be linkec 1 to the substance 



having an affinity' for nucleic acid via one "or more 
caxbohY'dr.ate--,cha.Ins : "of the glycoprotein.. 
^ preparing glycoprotein- 

pblycation conjugates is disclosed in o 4 man patent 
application P 4 1- 15 038 ,4 ; it has recently been 
described by Wagner et al», 1991b. 

^Another ; -prefer red method of preparing the viral 
conjugates of the/ invention is by enzynatic coupling of 
the virus or. virus component to a substance .having an . 
affinity : for nucleic, acid , more particularly .a - \ 
polyaiainef, by -means of: a transglutaminase. 

. "TheiV'categpry of , transglutaminases comprises a 
- hutiber of ; cif rerent . enzyries which occur inter ali.? . in 
, the -. epidermis /(epiiernal -t:ransglut'aninase) ; in the bice 
.(Factor XIII) -.and ■ in;- the cells, of various tissues 
/(tissue .transgiuta^inase) ; (Folk/ ,193.5) . . 
• Transglutaminases ^ catalyze the . forziat ion of £-(7- : 
glutamyl) lysine bonds, in the. presence; of- Ca++: and with 
..cleaving, of. N"^./ The prerequisite for this is that 
Corresponding c-lutamines and lysines should- be present 
iv* proteins > capable of being reacted, by the enzyme. 
Apart iron the examine group of lysine, (poly)anines 
such as erhir.oiar.ir,e f putrescir.e, spermine or sccrr.ic 1 : 
nay : also be used as substrate (Clarke et a I . , 1959) - 
present it/is not yet - clear, . what the critical factors 
are which determine whether a cluta^.ine or lysine of a 
prorein or a poly a nine can be reacted by the enzyme. 
What is known is that polyanines .can be bound by means 
of transglutaminase to numerous cell proteins such as 
cytokeratins (Zatloukal et al. . 1939), tubulin, cell 
raenibrane prote5.ns and also surface proteins of influen 
viruses (Iwanij, 1977). 

. Within the scope of the present invention it has 
been shown that polylysine can be coupled ; to 
adenoviruses by means of. transglutaminase. It was fou 
that coupling can be carried out in the presence of. 
glycerol. This has the advantage that a virus 



preparation, e.g. an adenovirus preparation which 
contains glycerol as stabilizing agent in . the buffer, 
can be used, directly for coupling. Using adenovirus- 
polyiysine. conjugates which were coraplexed with plasmid- 
DNA together with trans f err in-polylysine conjugates, it 
vas possible to achieve many times greater gene 
.;ex^essioh than with trans f err in-poly lysine conjugates : 
±n the presence of . non-poly lysine-coupled adenovirus • 

': '.' Another 'nethod, of: preparing the conjugates 
according, to the invention which is preferred within the 
;,sdope of the invention consists in coupling the virus or 
; ; Virus.;.c6mponent- to . the. polycation via a bictin-protein 
v bridge, pref erably . a biqtih-streptavidin bridge. 

The hiovn strong association of biotin with 
: streptavidin- or avidin ^(Wilchek;et_al^,; 1988) was ; used, 
for: coupling / adenovirus: to polyiysine by modifying 
adenovirus;, with biotin and chemically conjugating 
: Vstr-eptavidin to poly lysine in a similar manner, to the 

deduction . of transf errin-'polylysine conjugates (Wagner 
;;. e ;t al 1990) . ! CoT.pl e.-res. consisting of DNA and 
' ; screptayi4i^-?olyIy3in-^ to which the biot in-codified 

-virus is- bound, and optionally nbn-covalently bound 
• poivlysirie, having a very high transfection efficiency,, 
even at lower concentrations, of DNA. Particularly . . 
efficient complexes are forced if the biotin-nodif ied 
. virus is first bound to streptavidin-polylysine and the 
binding to.DNA only occurs in a second step. 

If desired, the binding to biotin nay also be 
effected by neans of avid in. 

It is also possible to establish the bond between 
the virus (component) and polyiysine by biotiny lating 
the virus, oh the one hand, and conjugating an anti- , 
biotin antibody with polyiysine, on. the other hand, and 
establishing the bond between the virus and the 
polyiysine by reans .01 the biotin/antibody bond, using, 
standard commercial ly available polyclonal or *onoclona 
anti-biotin antibodies. 



Binding between the virus and poly lysine nay also 
be achieved by coupling polylysine with a lectin which 
.has an 'if f inity :for a virus' surf ace glycoprotein, the 
bonding in suph a conjugate' being effected by means of ; 
the bond between the lectin and the glycoprotein * If 
the virus does not have any suitable carbohydrate side 
chains itself / it;iiiay:be ; suitably 'modified.:. 

; V virus; nay al^p be boiind to a substance having ah X 
affinity for nucleic acid by first being modified on the 
surface with an antigen alien to the virus (e.g. 
digbxigenin, DIG, obtainable from Boehringer Mannheim';, or 
with, biotin) and- establishing; the connection between- the 
.Modified - virus -arid :the\ substance/having ah aff inity :for 
nucleic acid via .an antibody which, binds .to this 
antigenV ■ , The. particular nethpd which will be used to 
producei the conjugates according to the invention 
depends; bh various^ criteria. Thus,, for example, 
coupling by neans of biotin is the least specific and 
theref ore most widely applicable method, while the .. 
biotin-mediated binding constitutes a very strong non- 
covalent bonding,.. The enzymatic reaction with 
transglutaminase has the advantage that it car. also be . 
carried but on a very small, scale. Chemical coupling is 
.generally used when larger quantities of conjugate are 
to ..be 3:/nthesized and. this method is generally also the 
best vhen coupling, virus proteins or peptides. If 
inactivated viruses are used, the inactivation is . 
generally carried out before the coupling, provided that 
the coupling, is riot affected by the inactivation. 

If a virus, e.g. adenovirus, or an endosomolytic 
component thereof, has binding dour- ins accessible, e»g. 
acidic : domains for binding to a polycation, binding of 
the virus (component) to the polycation nay also be 
. ionic- In this case, the positive charges of the 
polycation, which is optionally conjugated with an 
internalizing factor, are partially neutralized by the 
acidic domain of. the virus (component), the remainder of 



.-the. positive-/ charges.' y 11 1 ' be essential ly neutral ized by - 

the nucleic acid. . ''" : 

If ; the 'substance having: ar. affinity for. nucleic 

acid; "i^&n'y intercalating substance , it is modified with 
: a; linker ;''^hich: is suitable for the particular coupling 

bf virus (component) . e-g- for coupling with 
■^raiisglutapinase it is notif ied with spermine or with a 

bif uhctibnati group competent f or . chemical coupling, e.g. 

an active i ester> "■■ 

The ! rat io of virus . (component) : nucleic acid 

binding -substances nay vary;, it is usually established 

empirically, : '^-c. ;: by conjugating a .constant amount of 

virus (component ) yith dif f erent amounts of. poly lysine 
: and selecting the cpt'imaX. con jugate :.or the; 
transfection. 

v Iri -another e^cdiment of the invention, the virus -.. 
.■component.,/ :e;g. an endosomolytic viral peptide, nay be.. 
Modif ied in . order tc .hind .direct to DN T A. To this end the 
peptide itself rsay contain: a DSA binding dona in which is : 
obtainable by producing the peptide by means of peptide 
synthesis and providing a stretch of positively charged - 
aninoacids, preferably by extending the peptide, no's-t 
preferably; at the C-terniinus. 

In another embodiment of the- invention the 
■endoscmolytic agent is.. a non-viral optionally synthetic 
:peptide. A reptide^ of this type is preferably contained 
■in the co-position according to the invention in such, a 
vay that it is ionically bound zo the substance, vit i 
affinity tc nucleic acid, e.g. zo polylysine in the case 
of DNA-interr.il izihg factor-poly Lysine complexes. 
Thereby incorporation of the endosomolytic peptide into 
the nucleic acid. complexes is accomplished by binding 
the peptide via its acidic amino acid residues to the 
.positively charged nucleic acid binding domain, 
preferably polylysine. 

Decor/Jir.c on the chemical structure of the peptide, 
in; particular with regard to it-j end group, binding to 



polylysine may also be. accomplished by the methods 
described herein for linking peptides to polylysine.* To 
this: end, if a naturally occurring peptide is employed, 
it nay be ; modif ied with a suitable terminal amino acid 
as a handle for conjugation. 

Another^ way of incorporating non-viral 
endosomolytic peptides into the nucleic acid complexes 
is y; to^ provide them with [ sequences which bind to .DNA. 
The location of such a sequence has to be such that it 
does not. interfere with the peptide's endosomolytic 
^activity. Therefore, for example, peptides, whose N— . 
terminus is responsible f or : this acitivity,. are extended 
by DNA binding sequences at the C- terminus. Extensions 
of; this kind may be homologous or heterologous, cationic 
: oligopeptide^ e.g. an oligb- lysine tail, or a natural 
BNA binding domain/ e.g a. peptide derived from a 
histpne. : Pref erably these, DNA binding sequences as 
integral part of the endosomolytic peptide comprise 
approximately : 10 to .40 amine acids. This .'embodiment of 
the invention offers the possibility of. ..a higher ratio 
of endosomolytic sequence to DNA binding sequence. than 
.in peptide conjugates which contain larger portions. of 
polycations in order to achieve a .higher efficiency, of 
the complexes. 

The nqn-virai. endosomolytic peptides should fulfil 
the following requirements: 

With regard to endosomolytic acitivity the leakage 
of lipid membranes achieved by the peptide should 
preferably be higher at low. pH (5-6) than at pH 7. 
Furthermore , the disrupted areas of the membrane should 
be large enough to allow passage of large DNA complexes 
(small pores are not sufficient). In order to determine 
whether a peptide fulfils these requiments, in vitro 
tests can .be carried out by applying the peptides in 
free or bound form and/or incorporated . in a DNA complex . 
Such assays may comprise liposome leakage assays or 



erythrocyte leakage assays and cell culture experiments, 
in which augmentation of gene expression is determined. 
Tests of this type are described in the Examples. The 
optimal amount of peptide can be determined in 
preliiainary titrations by assaying the resulting gene 
transfer efficiency. It has to be born in mind that 
efficiency of various peptides and optimal composition 
of the bdnplex may depend on cell type. 

Membrane disruptive peptides in general contain 
amphipathic sequences, namely a hydrophobic face that 
may interact with 'the lipid raembrane, and a: hydrophilic : 
face that stabilizes the aqueous phase at the membrane 
disruption site- , 

There are several examples of menbrane -disruptive 
peptides in nature/ usually small peptides or peptide 
domains of large polypeptides. Such peptides may be 
classified according to their function in the natural 
context; namely either in membrane disrupting peptides 
(e.g. peptides of naked viruses) and/or membrane fusing 
peptides (e.g. enveloped viruses). For the purpose of 
endosome -disruption in the context. of synthetic peptides 
both classes of peptide sequences may be useful. Most 
of the natural, peptides are able to f brm amphipathic a- 
. helices. 

. pH-*specif icity may be achieved by incorporation of 
acidic residues onto the hydrophilic face of a putative 
aiaphipathic d-helix in such a way that the helix can 
form only at acidic pH, but not at neutral pH where 
charge repulsion between the negatively charged acidic 
residues prevents helix formation. This property is 
also found with naturally occurring sequences (e.g. 
influenza HA-2 N-terminus) . 

A completely synthetic, amphipathic peptide with 
pH-specific membrane-disruption properties has been 
described by Subbarao et al. f 1937 and by Parente et 
al., 1990. This peptide (in free form) was shown to 
form only small pores in membranes, allowing only the 



release of small compounds (Parente et al. 1990) * 

- According to the enbodiiaent of the invention which 
makes uss of non-viral, optionally syhthetic peptides, 
■usually the following steps are taken; an amphipathic 
■ peptide sequence is selected from the groups ot 
naturally occuring or artificial peptides. Peptides of 
this kind are known in the art, a survey of examples is 
given in; Table 2. If necessary, acidic residues (Glu, 
Asp) are introduced to nake the peptide's nenbrane 
disrupting activity nore pH-specif ic (e.g. the double 
acid mrtant of the influenza hemagglutinin peptide 
according to Example 37, designated p50) . If necessary, 
acidic residues nay also be introduced in order to 
-facilitate binding of the peptide to polylysine. One 
way to provide for such a polycation binding domain nay 
be to ; introduce C-tenainal acidic extensions, e.g. an 
oligo-KSlu-tail. 

Endosoiaolytic peptides suitable for the present 
invention nay also be obtained by fusing naturally 
occurring and artificial sequences. In the present 
invention. experiments were conducted with various 
peptides which were derived from the synthetic peptide 
GALA described by Parente et al. , 1990- Some of the . 
.derivatives employed in the experiments of the present 
invention were obtained by combining the peptide GAIA or 
.modifications thereof with sequences of the influenza 
peptide or modifications thereof, e.g. the peptides 
designated EALA-Inf and EAIA-P50 according to Example 
33. 

The length of the peptide sequence may be critical 
with regard to the stability of the amphipathic helix; 
an increase of stability of short domains derived from 
natural proteins, which lack the stabilizing protein 
context, nay be achieved by elongation of the helix. 

In order to increase the endosonolytic activity of 
the peptides, honodiners, heterodiners or oligomers nay 
be forced; it has been shown in the experiments of the 



present invention that a P50 d inter has a much higher 
activity:. than the monomer. 

The present inventors have shown the effect of 
syr»thetic peptides on DNA uptake mediated by 
trans ferrin-poly lysine conjugates, various different 
peptides iwere synthesized, their liposome and 
ery^rocyte leakage capacity assayed and their effect on 
lucif erase expression in TIB 73 cells and in tflH 3T3 
cells tested* 

/ In; another embodiment of the invention, the 
endosoaolytic : agent nay . be a non-peptidic aniphipathic 
substance. The requirements such a substance must 
fulfil to be suitable for the present invention are 
essentially the saiae as for the artphipathic peptides, 
namely ability to be : incorporated into the nucleic acid 
complexes, pH specificity , etc. 

. In another aspect ihe invention relates to 
complexes which are taken up into higher eucaryotic 
cells, containing nucleic acid and a conjugate which has 
the ability; to form a complex with nucleic acid/ for 
introducing nucleic, acid into higher eucaryotic cells, 
TM complexes are characterized in that the conjugate 
consists of a substance having an affinity for nucleic 
acid and an endosonolytic agent which is bound to the 
substance having ah affinity for nucleic acid and has 
the ability of being internalized into the cell as part 
of a conjugate/nucleic acid complex and of releasing the 
contents of the endosoir.es, in which the complex i*- 
' "located after entering the . cell, into the cytoplasm. 

The nucleic acid complexes used within the scope of 
the invention are preferably those wherein the nucleic 
acid is complexed with a substance having an affinity 
for nucleic acid in such a way that the complexes are 
substantially electroneutral. 

In a preferred embodiment of the invention, the 
endosonolytic agent is a virus or a virus component 
covalentiy bound to a polycation. 



Within the scope of the present invention, the 
ehdosoinolytic conjugates also encompass - in addition to 
conjugates in which ■ endosomolytic agents are ionically 
bound to a DNA binding donain - ehdbsonolytic agents 
whic ** bind to DNA direct e/g, via their basic 
extension y although "conjugates" of this kind are 
strictly speaking not obtain ed by conjugation, i.e. by 
binding tvo compounds to each other- The function of 
endosonioly ic agents of this type as components of the 
composition according, to the invention- is. independent of 
■whether they were ; synthezised by conjugation' of an 
ertdosonolytic agent and a DNA binding domain or whether 
■ a- -DMA binding dcnain was originally presents in -.'the " 
. en&osono.Vyt ic agent. - 

■ In another pref erred embodiment of the invention- '." 
the complexes- contain/ in addition to the endosorr.o lytic 
conjugate; another conjugate in which a substance having 
>n .affinity- for 'nucleic acid, .in case of an: 
endosonioly tic polycaticn conjugate generally the sane 
polycation as in the conjugate, , is conjugated to an 
internalizing factor having an affinity for the target 
cell. : This, er-bodi-ent of the invention is used 
particularly when the target cell has no or few 
receptors for the virus, employed as part of the 
endosqmolytic conjugate. Another application of this 
e-bodimer.r cf the invention is when a virus component, 
e.g. a naturally occurring, optionally modified peptide, 
a non-viral; optionally synthetic endosonolytic peptide 
or a virus froni a distant species are employed, which do 
not have. the ability to penetrate by themselves into the 
cells which are to be transacted. -In the presence of 
an additional internalizing factor-binding factor 
conjugate, the endosomoly tic conjugates profit from the 
internalizing ability of the second conjugate, by being 
coxplexed to the nucleic acid together with the second 
conjugate and being tafc-en up into the cell as part of 
the resulting corplex which in the following is referred 



to as "combination complex" or "ternary complex" • 
. Without being pinned down to this theory, the 
combination complexes are taken up by cells either by 
binding to the surface receptor which is specific to the 
internalizing factor or, if a virus or virus component 
is xised^ by binding to the virus receptor or by binding 
to both receptors and internalized by receptor-mediated .i 
endocytosis. When the endoscmolytic agents are released 
from the endosoiaes the DNA contained in the complexes is 
also released into the cytoplasm and thereby escapes the 
lysosomal degradation. 

In the experiments of ■ the present invention, with 
HeLa cells, nearly all the cells could be. trans fected 
: with free adenovirus... The efficacy for hepatocytes 
could be still further improver* when using ternary DNA 
complexes in which the reporter DNA is complexed to 
polylysine-transferrin conjugates and linked to 
adenovirus. Here, co-localization of the endosomolytic 
virus and the ligand/receptor complex in the. endosome is 
guaranteed yielding transfection in virtually ail cells 
for a variety of cells such as BNL.CL2 and KepG2. cells. 

Such a situation might be approximated in the 
experiments where ternary DNA complexes containing 
transferrin gained access to K562 cells in the main via 
the transferrin receptor rather than the adenovirus, 
receptor. - 

Unexpectedly, ternary complexes transferred DNA 
even in very small amounts. Thus at an input of 30 pg 
DNA/ 3 x 10 5 cells, 1.8 x 10 4 light units (resulting from 
expression of a lucif erase encoding plasiaid) are 
obtained. At this input there are as little as 60 DNA 
molecules and 1 PFU (plaque forming unit) of virus per 
cell. This has to be compared to the less efficient 
calcium precipitation protocol which uses 2 x 10 5 DNA 
molecules per cell (Sambrook et al, 1989). Thus, the 
present invention represents a significant advance in 
the art since it allows for the efficient transformation 



of : higher eucarybtic cells with very snail amounts- of 

'dna.,. 

The presence of viruses, virus components or non- 
vifal: ehdosc^oiytic agents in the DNA complexes as 
constituents of ehdosomo lytic conjugates has the 
following advantages: 

1) Broader applicability of the gene transfer . 

technology with nucleic acid complexes, since the 
• endosoTaolytic ag^ht itself , in particular in cases where 
.a virus or virus component is employed, may. constitute 
. the internalizing:, factor or nay also be .complexed to the 

DNA together with another internalizing factor (e.g. 

transferrin or asialofetuin etc*}* In this way it is 

possible to mak£ use of the positive effect of the 

viruses even for cells which do not have any receptor 

for the virus in question. , .' 

2) Improvement in the efficiency of gene transfer, 
since the binding of the endosomolytic conjugates to the 
DNA ensures, that they are jointly taken up into the; 
cells. The. coordinated uptake and release of viruses 
and DNA also gives rise to the possibility of a 
reduction in the quantity of DMA and viruses required 
for efficient gene transfer,, which is of particular 
importance for use in vivo . 

'The term "internalizing factor" for xhe purposes. of 
the present invention refers to ligands or fragments 
thereof which, after binding to the cell are 
internalized by endocytosis, preferably receptor- 
mediated endocytosis, or factors/the binding or 
internalizing of which is carried out by fusion with 
elements of the cell membrane. . 

Suitable internalizing factors include the ligands 
-transferrin (Klausner et al. , , 19S3) , conalbumin 
(Sennett et al - , 1931), asialoglycoproteins (such as 
ksialotransferrin, asialorosomucoid or asialofetuin) 



(Ashwell et al. . 1932) , lectins (Goldstein et al , , 1980, 
. and Shardon, 1987) or substances which contain galactose 
'.-and .'are internalized by the asialoglycoprotein receptor; 
Baiinosylated gl^ (Stahl et al. , 1987) . 

: lysosomal enzyaes (Sly et al . , 1982) , UDI* (Goldstein et 
: al : , 1982 V / modified LDL f Goldstein et al- , 1979)/ 
i ipppr ot 0 ins which are taken up into the cells via 
receptors (;apo Bioo/LDL) ; viral proteins; such as the HIV 
: protein gp!20; antibodies (Hellnan et al. . 1984; Kuhn et 
■ y al; 1982, Abrahaiason et- al . , . 1982V, or fragments 

/thereof "against cell surface antigens,.: e.g. anti-:CD4, . 
' ahti-CDTr cytokines such . as- : interleukin-l (Mizel et al/ , 
; 1987) , Interleukir.\2 (Smith; at al, ,1985) ,. TNF . (Imamu>e 
et al. »' 1987) *; interferon (Anderson et al. ,. .1982);; GSF 
(colony-stiiulating: factor).. Ywalker et al : V 1987) ; 
* : ; 'factors and : growth factors, such as insulin (Marshall, . 
1985) , . EGF ;. ( epidermal growth; factor) (Carpenter, 1984):; 
PDGF (plateiet-cerived growth f actor) (Heldin et al . . 
r 1982);, ;TGF/3 { transforming! growth factor 6) (Massague et 

all 'y 1936) , nerve' growth factor fKosanq et al- . 1937Ti , 
... insulins-like growth , factor I (Schalch et al . . 1986) , LH , 
: .J , FSH, : (Ascoii . e.f al. 1978) , growth hormone (Hi2uka et 
al. 1981) prolactin (Posner - et al - , 1982) , glucagon 
(Asada-Kubota et. al". , 1933) , thyroid hormones (Cheng, et 
al ♦ , : 1980) ; c^2-nacroglobulin protease (Kaplan et al . . 
1979) ; and "disarmed" toxins. Further examples are 
immunoglobulins or fragments therof as ligands for the 
Fc receptor or anti-immunoglobul in antibodies, which 
bind to SIgs (surface immunoglobulins). The ligands may 
be of natural or synthetic origin ,. . (see, Trends 
Pharmacol- Sci. , 1939, and the references cited . 
therein) 

The following are essential requirements for the 
suitability of such factors according to the present 
invention, 

a) that they can be internalized by the specific cell 
type into which the nucleic acid is to be 



introduced and their ability to be internalized is 
^ - : not^ %t f ected^ or only - slightly affected ; i f they are 
conjugated with ±he binding factor, and 
^b) h vthat,; , withi^ the scope of this property , they are 
v '-pi "capable of carrying nucleic acid f'piggy back" into 
: ^ t^iei ;cell^ by the route they/use. 'V 

> : v ; ^In to tlle ; 

^inyehtioni the wide range of uses of the invention 
r egar<Jing - the intern a 1 i zing i factor ; or additional/; 
j^^ternarMzXpgvf actor, in: r the conbination complexes, 
respectively / is demonstrated by means of human and- 
i5^use: transferrin-pblylysine-conjugates r asialof etuin- ■ 
ppiylys ine T con j ugates , galactose-polyly sine-con j ugates , 
/<w^eat. ■; germ 'agglutinin-polyly sine-con j ugat es j the T-ceii- 
.specific :gpl20^pL .Valnd antiCD7-pL ? con j ugates LDL-pI/ 'Mt^Jx 
cohjtigates> Ig-pL and ant i -Ig-pL conjugates and by means 
of DNA- polylysine-complexes which do not contain any 
-internalizing f acto.rl . Moreover, .the' performance : bf : the• '• 
; vi^s^ccTijug^ ; 

■ demonstrated by: nearis of complexes; of DMA" and 
polylysine-conjugated :virus (or virus component)* which 
obtained . no additional internalizing factor-binding -. 
factor* conjugate;';.-:. 

• Specifically ^preliminary tests can - be carried out I 
to determine whether, if the endosomolytic agent is a 
free virus the- use., of an internalizing factor/ or iff-->l; 
the endbsomoly tic agent is a virus , or a virus component : 
or a non-vijral peptide which is part of an endosomolytic 
conjugate; an "additional 11 internalizing factor permits 
or improves the uptake of nucleic acid complexes/ These 
.tests comprise parallel transfections with nucleic acid 
complexes, firstly, without, (additional)., internalizing 
factor, e.g* in case of virus conjugates with complexes 
consisting of nucleic acid and virus conjugate, and 
secondly with complexes in which the nucleic acid is 
complexed with another conjugate containing an 
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additional internalizing fa .tor for which the target, 
cells have, a receptor. ".= ';;"" 

'. •••.•.'•'If:' 'an internalizing -factor is. used, or if .'an " 
\. additional internalizing factor is used, i.e. a 
coinbxnatibn complex is applied/ it is defined 
particularly by the target cells, e.g. by specific 
siir a ceil type 

; whi^h thus perait the targeted transfer of nucleic acid 
\ .-. • .v : '•; 'V. • ihtp.;..tliisV'cell • type. 

Substances, with. =ari .. af f inity , f or nucleic acid which 
nay." :be ' used according : to the invention include, for' 
ebca^ple;,- . ^prologous - organic poly cat ions such as - 
; poly 1 y s in e' , po 1 ya rax n i ne - p o 1 y or n ith :r.e or heterologous 
; ■;. .polycatioris having two or; more different positively : . 
; ; charged an i no acids, these polycations possibly having 

d i '£ f ere n t . ch a i n. 1 engt h s , a nd also . no n~ pep t id i c sy r. the t i c 
• ■ poly cat i o h s , such a s • pp 1 y eth y 1 e nei nine 0 the r sub stance s • : 
; ' / -;■ vith-arv- affinity '-for nucleic acid , which are suitable are . 

• -"hat'ural of a .polycat ionic nature 

• . such as. ;histones or protamines or. analogues or . fragments ■ 
. thereot ; ;as*weil as. spermine or spermidines . 

: The iengch of the polycation is not critical, as 
long as t.he complexes are substantially eleccroneucral. 
.. The. preferred range of polylysine chain lengths . is from 
about 20 to about, 1000 lysine monomers. However, for/a 
given length of, DMA, there is no critical length of the 
polycation. Where, the DUA consists of 6,000 bp and 
12,000 negative charges, the amount of polycation per 
' ..mole DNA may be, ..-e.g.: 

60 moles of polylysine 200 
30 moles of polylysine 400; or 
120 moles of polylysine 100, etc. 
■: One of . ordinary skill, in the art can select other 
combinations, of polycation length and molar amount with 
no more than routine, experimentation. 

Other suitable substances with an affinity for 
nucleic, acid as part of the conjugates are intercalating 




substances such as ethidium dimers, acridine or 
intercalating peptides, containing tryptophan and/or 
tyrosine and/or phenylalanine. 

As for the qualitative composition of the nucleic 
acid complexes , generally the nucleic acid to be 
transferred into the cell is determined first; The 
nucleic acid is defined primarily by the biological 

.effect which is to be achieved in t*e : cell and, in the 
case of use for gene therapy, by the gene or gene 

- SG ctio n : which is to be expressed; e.g.: for the purpose 
of, replacing a defective gene, or by the target sequence 

v of, a gene which-, is; to- be inhibited. : The -.nucleic acids' 
to be transported: into . the cell maybe.DNAs or RNAs, 

-while., there are no : . restrictions / imposed on the / 

■.nucleotide^ sequence. 

, If. the invention is. applied on tumor cells in order 

-to use . them as a cancer vaccine,; the- DNA to be 
introduced .into . the cell preferably codes for an immmune 
modulating substance, -e.g./, a cytokine like IL~2, IL-4,. 
IFN-gamjaa, TKr-c: . ■ Combinations of cytokine encoding ■ 
DNAs may -Be -particularly useful, e.g. IL-2.and IrN- 

. gamma .. Another useful gene to be introduced into tumor 

• cells, may be the multi drug resistance gene (mdr) . In 
the. present invention transferrin-polylysine. and low 
density, lipoprotein conjugates .have successfully been 
^ se ; d to 9?ther with adenovirus conjugates for the 
transfection of tumour cells (melanoma ceils). . 
Depending. on the specific application, . preliminary tests 
can be used to determine which ligand is suitable for 
the. type of tumour cell in the specific case in 
question. 

It is also possible to introduce two or more 
different nucleic acid sequences into the cell, e.g. a 
plasmid. containing: cDNAs coding for two different 
proteins under. the control of suitable regulatorv 
sequences or two different plasmid constructs containing 
different cDNAs . 



;. f Therapeutically; <£f fectave inhibiting nucleic acids 
for transfer into the cells in order to inhibit specific 
gene sequences include .gene, const™ from which 
antisense-RNA br ; ribozyTaes are transcribed, 
Furi^erTaore, it is also possible to introduce 
"OligohuclebtidiBs,: e.g. ahtisense oligonucleotides, into 
the cell; Aritisense :oiigonucledtides comprise 
preferably 15 nucleotides or iaore. Optionally, the. 
oligonucleotides ; niay be; nult imerized . When r i bozyiaes are 
to be introduced ; into the- cell , they are/preferably ; 
• introduced as part of a /gene: construct which comprises. . . 
.stabilizing gene elements , e.g^ tRNA gene elements . 
Gene constructs of this type are disclosed in : EP A 
y -0. 337 ?75> ■> .inhibitory : nucleic , acids and the mechanises 
; of activity':' thereof :are familiar to those skilled in 'the 
; art; reference-, is "nad'e in this respect to the 
;; su^ar;ising' :arti^ Keiene ar d : Toulme , 1990/ and. .. 

TakayaW and Inpuye; 1990, a:s well as the references : 
mentioned : therein 

' '■: Apart f r'o'm "nucleic acid 'molecules ' which-' inhibit . 
genes, e.g.' viral • genes; due to their complementarity, 
./ genes with' a differer.- rr.ode of inhibitory action may be 
employed. Examples are genes coding for viral proteins, 
whfch have .so-called trans -dominant mutations 
(Herskqwiti, 1937).- Expression of the genes in the cell 
yields. proteins which dominate the . corresponding 
wild type protein and thus protect the cell, which 
acquires ^'cellular immunity", by inhibiting viral 
replication. Suitable are trans-dominant mutations of 
viral proteins which are required for replication and 
expression, e.g. Gag-, Tat and Rev mutants which were 
shown to inhibit HIV replication (Trono et al . , 1989; 
Green et al,/ 1939; Malim et, al . , 1939), 

Another mechanism of achieving intracellular 
in.nunity involves expression of RNA molecules containing 
the. binding site for an. essential viral protein, e.g* 
so-called TAR decoys (Sullenger et al, 1990). 



; ; Examples of genes which can be used in somatic genie 
therapy and which can be transferred into, cells as- . 
components of gene constructs by means of the present 
invention include factor VIII (hemophilia A) (see, e.g. 
Wdbd et: al. >: 1934 ) factor IX (hemophilia B) (see f e.g. 
Kurachi et at : / 1982) ,-' adenosine deaminase (SCID) (see, 
;-e:g- Valerib : et^al^r 1984) # -cr-l antitrypsin (enphysena 
of the lungs) (see , evg- Ciliberto et al- , 1985) or the 
cystic fibrosis transmembrane conductance regulator gene 
fsee e.c; Riordan, J.R. et al. 1989) These examples , =';. 
do not; constitute a restriction of any kind.;. 

: As:'for^ the jsize: of : the,nucleic acids, a wide range' 
: is : possible ; gene constructs of about. 0,15 kb ( in the / 
:' : ;.case of -' a VtRNA;- gene" containing a- ribozyme) • to- about 

50 ]cb' ;; or : Bpre;iaay' be transferred into the cells by means, 
.'pf'-^e* - - present invention;, smaller nucleic acid molecules 
'} nay/ be -"applied: as oligonucleotides. '■[ 
.'• .•'•It; -is-, clear that the widest possible applications 
are made possible pre by the fact that the present 

. . invention 'is. net- subject to any limitations on the gene . ^ 
". U •sequence and the -fact : that very large gene constructs 
.raay also be transferred by means of the invention. . : 

Starting from the .nucleic acid, the substance 
having an affinity for nucleic acid, preferably an 
organic polycationic substance, is determined, to. ensure 
.complexing of the nucleic acid, the obtained complexes 
• preferably being substantially . electroneutral- If the 
complexes contain, in addition to the endosomolytic 
conjugate, a conjugate of internalizing factor and; 
substance having an affinity for nucleic acid, the 
cation component of both conjugates is taken into 
consideration with respect to the electrone.utral ity . 
■. aspect - 

In the course of earlier inventions, it had been 
found that the optimum transfer of nucleic acid into the 
cell, can be achieved if the ratio of conjugate to 
nucleic acid is selected so that the internalizing 



factbr-poiycat ion/nucleic acid complexes are 
substantially electroneutral. it was found that the':, 
quantity ^nucleic acid taken up into the cell is not 
reduced if soiae of conjugate 
is replaced by non^coyalentiy bound polycation; in 
certain cases there may even be a substantial increase 
in DMA uptake (Wagner et al . ; 1991a) . It had been 
observ^ that , the DNA of the complexes is present in a 
form compressed into toroidal structures with a diameter 
of 80 to -100 nra. The quantity of piolycation is thus: 
selected^ ^ with respect, to the twd paraneters of 
electroneutral ity- and the achievement of a compact 
f structure # while the quantity of ;p>olycat ion which 
results . f rota the charging of the nucleic acid, with 
respect "to: achieving electroneutral ity, generally also 
guarantees;: compacting of the DtfA* 

Thus, ' in - a /. further, einbodinent of the iiiVention , . the 
complexes, also contain nucleic acid-binding substances 
in / a non-cbyalently bound form, which nay be identical 
to. or different "fro;?, the binding factor , i -e. the 
substance ;■" with an; affinity for nucleic acids, in the ;' . 
conjugate. If the endosonolytic agent is free virus, 
the complexes comprise nucleic acid, and . internalizing 
- factor, conjugate- If an endosono lytic , e.g. a viral 
conjugate' is employed, : the nucleic acid is coiaplexed 
with this conjugate, optionally in concert with a 
conjugate of an additional internalizing factor. The 
choice of non-covalently bound M free" substances having 
an affinity for nucleic acid, in their nature and. . 
quantity, is also determined by the conjugate (s), 
particularly taking account of the binding factor 
contained in the conjugate: if, for example, the binding 
factor is a substance which has no or limited capacity 
for DNA condensation, it is generally advisable, with a 
view to achieving efficient internalization of the 
complexes, to use substances having an affinity for DNA 
which possess this property in a high degree. If the 




biriding^ factor, itself is a nucleic acid condensing 
substance and "if it has already brought about compacting 
;>of :the :nuclei<;: acid .suf f icient for effective 
internal i zation , 1 1 is advisable to use a substance 
paving an affinity for nuclei^ a which brings about 
an inc^ase in expression by virtue of other mechanises. . 
,/. ; ; ; Hie suitable non-covalently bound substances having 
an' affinity for nucleic acid according to the invention 
.': include conpounds capable of condensing nucleic acid 
and/or of protecting it from undesirable degradation in 
the cells, i particularly the substances of a polycat ionic 
nature mentioned hereinbefore. . Another group of 
•suitable substances.- comprises those which, by : binding to 
•the. nucleic acid, 'bring about ^improvement in the 
: -transcription/express ion thereof / by iiaproving. the 

accessibility of thW Inucl eic acid for the expression 
/•in^chinery of ^the cell , An example of a substance of 
: ; t^is kind is chronosom^l non-histone protein HMG1, which/ 
; been . found to possess the capacity, to compact DNA 
;and proinotes expression in the cell 
: '■ ' Wh^n determining 'the /molar ratios of endosonolytic * 
a^ent.:and/or internal: -i-ng factor/ substance having an 
.affinity for nucleic acid/nucleic acid(s) , care should 
be taken that complexing . of the nucleic acid(s) takes 
place # that the complex f orned can be bound, to the cell 
and Internalized, and that, either by itself or- with the 
ai4 of: the. endosoinoly tic agent, it is released fro-, the 
endoson.es. 

The internalizing factor/binding factor/nucleic 
acid ratio depends, particularly on the size of the 
polycation molecules and the number and distribution of 
the positively charged groups, criteria which are 
matched to the size and structure of the nucleic acid(s) 
to be transported. .Preferably, the nolar ratio of 
internalizing factor: substance having an affinity, for a 
nucleic acid will range. from about 10:1 to about 1:10. 

After the construction and synthesis of the 



conjugates and determination of the optimum ratio of 
conjugate: b^A; for effective transf action, the quantity 
of the conjugate. proportion which can be replaced, if 
desir:ed> ..by free substance having an affinity for 
nucleic acid can be determined by titration. If 
polycatiohs are used both as the binding factor and also 
as a free substance having an affinity for nucleic acid, 
the ■ polycat ions nay be identical or different. 

For. :the .e;abodisient of the invention which exaploys . 
viral conjugates a nethod suitable . for determining, the 
ratio' of ^ the components contained in th€- complexes nay 
consist in f irst' defining; the gene const. iruct which . is. to 
be introduced: .into the cells and, ..as described above, 
f i nd i ng ci y .irus . or virus . component which, is su i ta b 1 e for 
the. particular' transf ection. Then the virus or virus 
component, is ,bquhd to. a poiycation and complexed with 
the gene construct. Starting f rom . a defined quantity of 
viral conjugate, titrations itiay : be. carried out by 
treating the target cells;'" with' this-, (constant) quantity 
of conjugate and decreasing concentrations of DNA, or. 
vice versa; In this way the pptlmun ratio of DNA: virus 
conjugate, is determined . If an additional internal izir.c 
factor is used the procedure may be,, for example, to 
determine the optinurt ratio of virus conjugate to 
internal izing factor conjugate starting from a constant 
quantity ..DNA by titration. 

The complexes nay be prepared by nixing together 
the components i) nucleic acid, ii) viral conjugate, 
optionally i'ii) internalizing factor/binding factor 
conjugate, and optionally iv) non-coval'ently bound 
substance having an affinity to nucleic acid, all of 
which may be present in the form of dilute solutions. 
If polycations are used as a binding factor and at the 
same tine as "free" polycations, it is generally 
advisable first of all to prepare a mixture of 
conjugates with "free" polycations and then combine thi 
mixture with ON" A- The optimum ratio of DNA to the 



conjugate (s) and polycations is determined by titration 
;e)^eriinents, : ive- in a series of transfection 
Experiments using a constant amount of DNA and 
increasing amounts of conjugate (s)/polycatiqn mixture. 
The optimum ratio of conjugate(s) z polycations in the 
mixture is obtained by routine experimentation or by 
comparing the l optimum proportions of the mixtures used 
in the titration experiments* 

The DNA complexes may be prepared at physiological 
salt concent rat ions . Another poss ib i 1 ity is to use h igh 
salt concentrations (about 2 M Nad) and subsequent, 
adjustment to. physiological conditions by slow dilution 
or dialysis. ..• 

The most suitable sequence for mixing the 
components nucleic acid, conjugate(s) possibly free 
nphTcbyaleintly bound substance with an affinity to 
nucleic acid is determined by prior experimentation. In 
some cases, it nay prove advisable first to complex the 
nucleic acid vith the conjugate (s) and then to add the 
free substance with an affinity for ..nucleic acid, e.g. . 
the poly cation, e.g. in the case of conjugates of 
transf errin-ethidium dimer and polylysine. 

. In a preferred embodiment of the invention, the 
internalizing factor or the additional internalizing, 
factor,, respectively, is transferrin and the binding : 
factor is a polycation. The term "transferrin" denotes 
.both the. natural transferrins and also thosp. transferrin 
..modifications which are bound by the receptor and 
transported into the cell. 

The nucleic acid is taken tip in the form of 
complexes in which internalizing factor-poly cat ion 
conjugates are comr>"Lexed with nucleic acid. When there 
. is a. content. of a non-covalently bound substance with an 
affinity for nucleic acid, this is preferably a 
polycation, which is either identical to or different 
from the polyca t ion contained in the conjugate. 

In the case of combination complexes the nucleic 



•acid lis -internalized- in the for^ of complexes in which 
internalization factor conjugates on this one hand and 
endosonolytic conjugates on the other hand are coir.plexed 
with nucleic acid/ 

The conjugates of internalizing factor and 
pplycation, which are used together with free virus or 
together ; with the viral conjugates, in the combination 
complexes, may : be prepared by a chenical method or, if 
the polycation Is a polypeptide, : by a ; recombinant , 
inethod; for nethods of preparation, reference is nade to 
the disclosure of EP 3S3"..753- 

V.;. The ..conjugates - r^ay :.aiso be. prepared by connecting' .a 
glycoprotein/; e.g. transferrin/ and .'the ' binding factor': 
to each, other via one or'/.rnore carbohydrate chains of the 
glycoprotein,. Unlike the conjugates .prepared by . 
conventional coupling methods, conjugates of this kind 
"are freevf ron- nod'if ications^ originating'' fror:; the linker '. 
substances: used. In the* ''case of glycoproteins ., which 
have only : one or a few. carbohydrate groups suitable f or 
.cpupIing / : -'e-g r .':transfer-rir kf ' these, conjugates also have-'- 
the advantage that they ^re precisely defined in tens 
of their binding/site. for giycoprotein/binding factor^ • 

;\ The quantity of endesc-oiyt ic agent used " and- the 
concentration thereof depend en the cart • ;i;ic:r 
transfection .being It is 'desirable to use 

the " ainiKiin. quantity o: virus or virus component which 
is necessary to ensure the internalization. of the-. virus 
^-nd the nucleic acid c:2-plox and release frori 'tha 
er.dosqnes. The quantity of virus (conjugate), is matched 
to. the particular cell type and the infectivity of the 
virus for this type of cell must be taken into 
consideration. above ail. Another criterion is the 
particular conjugate o: internalizing factor and binding 
ractor, particularly with regard to the internalizing 
factor, for which the 't>rg.et ceil has a specific number 
of receptors. Moreover, the quantity of virus 
(conjugate) . will depon-S- on the i-oun: of Lt:;, :;o bo 
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.. inported, . Generally f a. small amount .of virus is 
sufficient for a stable transfeetion which requires only 
a small amount of DNA, whereas, a transient transf ection, 

- which ^requires larger amounts of DNA, requires a larger 
<^anti^ application, 
preliminary tests are carried out with the target cells 
in for transfeetion , possibly with a mixed cell 

r population/ arid the- vector systen envisaged for the 

■ : : ■ transf ect ion, • iri. order to determine the opt irtun virus 

concentration by titration, while the DNA used is . 
.^--conveniently... a. gene construct which largely coincides 
■ v ' with the. one intended, for, actual'' use, in- terms of its : 
"-; s-ize> and contains a reporter gene for easier . 

measurement of,, eff iciency of . gene transfer. ■ ■ Within the ; 

scope. of the present invention, the luciferase and . 6- 

galactosidase genes have been shown . to be suitable 

• •reporter gene's for .such tests..'. 

Another aspect. .of the invention relates, to a 
process .for introducing complexes of nucleic acid, a 
nucleic acid binding substance . and. optionally an 

■ .internalizing faccor, into higher eucaryotic cells. The 
method is characterized. in that the cells are brought: 
into contact with an agent which has the ability of. 

• ■ being internalized into the cells either' per se or as a: 

component of the : nucleic acid complexes and. of releasing 
the contents of the endosomes, in which the nucleic acid 
complexes are. located after entering the cell, into the , 
cytoplasm 

In general, it is preferred to apply nucleic acid 
complex and endosomolytic agent simultaneously, but: they 
inay also be applied one after the other. In case of 
separate applications, the sequence of application is 
not critical as long as the steps are carried out 
shortly after each other in order to guarantee that the 
components are in effective simultaneous contact. In 
the case of using free virus in a separate preparation, 
simultaneous administration of the preparation of virus 
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?f ^ tne complexes be guaranteed by having the virus 

preparation as part, of the trans feet ion medium which 
contains the hucleid acid complex. In the case of 
simultaneous admin istration of free virus ; the nucleic 
'^i^'^y^Xeixes. and virus preparation are mixed together 
before being administered. 

In a preferred embodiment, the endosomoiytic agent 
f s .-.'* : component of a combination complex . 

In order to increase gene expression, the 
compositions according to the invention may also be 
administered repeatedly. 

In. a preferred embodiment, : the cells: are. primary 
.tumor cells. In: a particularly preferred embodiment the 
nucleic acid is a DNA which contains one or more 
sequences coding for an immune modulating substance, 
preferably a cytokine* : 

. : * In; another embodiment the cells are myoblasts.,, 
preferably: primary myoblasts. 

; In another embodiment the cells are fibroblasts, 
preferably primary fibroblasts . 

In another embodiment the cells are hepatocytes, 
preferably primary, hepatocytes. 

In another embodiment the cells are primary 
endothelial cells. 

In another embodiment the ceils are primary, airway 
epithelial cells. 

In another .embodiment the cells are T-cells, 

In , another embodiment the cells are. B-cells. 

Table 1 shows the transfection success of the/ 
present invention exemplified with various different 
cell types . 

The composition of the invention was also 
investigated for transfection of canine hemophilia B 
fibroblasts. Lucif erase, and B-galact.osidase could be 
successfully expressed in these cells. Furthermore, the 
system, was used to deliver the 1.4 kb canine factor IX 
cDNA : into these fibroblasts. In a sandwich ELISA, 



canine factor IX could be detected 24 hours. after 
transf ection* : : ' / 

: ■ In certain cases, it is advisable to use a 
spsoisatropic substance ■; in addition , to the 
;:.®?4psottoiytic\agent>Ae.g. if the endosomblytic : agent; is 
; a peptide conjugate or a. retrovirus, the endosomolytic 
activities of which - are not strictly pH-dependent. 
.;; It is -known that lysosomatropic substances inhibit 
the' activity of proteases and nucleases and rcayV 
therefore inhibit; the degradation of 'nucleic ? acids 
(Lut^mannvand Mangusson, 1933) These; substances 
include chloroquine, iaonensin/ nigericin and 
:.^thylaniine. . Within" the scope of the present - invention " 
■.it ; has.- been shown that nonensin brings about an increase 
in, the . expression, of reporter :q?xz. when a Moloney, virus 
is .'used. The presence of chlo^oquihe:; could be 
demonstrated to lead to expression; of a reporter-gene, •■ , 
imported by trans f err in-roedia ted DNA transfer, in-^rt^:'^ 
virtually. 100% of ;K5 6 2 c e 1 1 s ; BNL * CL2 b r KepG2 : 
hepatccytes cid . riot respond' as well to chloroquine as 
did K562- Cells- but they could be transfected to a level 
of .5 --.lOJ when, exploiting the endosomolytic' properties 
of. added replication, defective. or chemically inactivated 
■•■adenovirus.- ;/ \< . , 

. L . . with, the aid of the present invention, the*'* 
advantages of the biological vectors aire increased. As 
a result of the distribution of the receptors there is a 
tropisi?. both for internalizing factor and for the virus. 
■■By matching; these two components to the particular cell 
.population, it is possible to achieve a greater . 
selectivity which is of particular importance in. the 
therapeutic application of this invention. This aspect 
is of particular, inportance in therapeutic application . 
of the present .invention in the lungs, since the 
different cell populations in the lungs have different 
receptors/ which nay require the. design of vectors with 
a higher binding affinity for a specific ceiJ 



population,; e.o> for the^ ciliated cells, of the;= 
respiratory tract./: Ligands which may, be used include 
lectins; for example- 'The design of . such conjugates: , ,. 
retired: inter alia the eonfirmationdf :the - binding. - : , 
qualities of a possible ligandi-ih/lto 

( example/r^ idgand .by means of 

immunohistochemical ; staining methods in the' tissue vhere 
the composition is to be- applied therapeutically. v ;" 
- . ; In r.anbther aspect the; present invention relates to 
pharmaceutical, compositions ^ containing' as - active'. , 
ingredientva-: complex of : :therapeuticaliy active nucleic -\ 
-acid, preferably as part of : a gene construct, . . 
iendosomolytic agent which is optionally conjugated and 
optionally ..an internalizing factor conjugate.. Any 1 inert - 
phar^aceutiealXy acceptable carrier may be: used, such as 
.saline, or phosphate-buffered .saline,- or any- such; 
carrier in .whicn. the DNA -complexes have suitable \ 
solubility properties for use:, in .the method of the . 
.present invention; Reference is made -to Remington's. ■ 
Pharmaceu t i ca 1 S c i ences , . 1930, for me thod s of 
formulating • pharmaceutical compositions. 

The present invention off ers the. advantage or". 
: greatest possible flexibility for application, inter , 
alia . as pharmaceutical composition. The composition of 
the ..invention may occur as a lyophilisate : or in a 
suitable: buffer, in deep-frozen state. It may. also be. 
: provided as. ready-to-use reagent in solution , preferably 
shipped, and stored under refrigeration. Optionally,, the 
components necessary for trans fection, i.e.. DNA," 
endospmolytic agent, optionally conjugated or ready for 
conjugation with a separate conjugation partner, DNA 
binding substance, optionally conjugated with an 
internalizing factor, optionally free, polycation,. ir,ay be 
present, in a suitable buffer separate or partially 
separate as . constituents of a transaction Kit, which is 
also su'pject of the present invention. The transaction 



kit according: to the invention comprises a carrier which 
contains one or- more containers such as test tubes, 
Vials or the like which i contain the equipment, necessary 
for tlie trans feet ion of the higher eucaryotic cells 
according to the present invention. In a transfection 
kit of this kind a first container nay contain one or 
mbr£ different DNAs f e.g : * coding for various antigens. 
A second container may contain one or nore different 
internaiising^ factor conjugates, enab 
trainsf ection icit to be used as a modular sys ten. : 
Whether the constituents are suppl ied as a ready-to-use 
preparation or separateiy to be mixed lEsaediate'ly before. . 
use, depends; .apart from the specific application, on. 
; . tlie •; stabil ity of the complexes, which can be determined 
routinely in stability tests. In a preferred 
einbodinent/ a transglutaininase-cbupl adenovirus- / 
pplylysineVconjugate, which has p~royen to be stable on 
storage; is' used 'in one of ..the containers of a kit. In ; 
another preferred; embodiment, bictihylated adenovirus 
and : strepta^ separate 
containers and... -mixed before application. One of . 
; ordinary skill' in the-, art can design numerous different . 
transfection kits to ..take advantage of the flexibility 
of the invention... > 

• For; therapeutic use; the composition may. be 
.administered systemically, preferably by intravenous 
.route, as part of ,a pharmaceutical composition. The. 
target . organs for this application nay be, for example, 
. the liver., spleen, lungs, bone marrow and tumors. 

One example for local application is the lung 
tissue (use of the composition according to the 
invention in fluid form for instillation or as an. 
aerosol for inhalation). In addition to a high 
specificity of the ligand for the.: differentiated lung 
cells it ruay also be necessary, as. a secondary, measure, 
to influence various factors which are present in the 
environment: of the luhg tissue and which might interfere 
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with gene\ trans fer (e.g. paralysis cf. the ciliary , 
laoyerneht , 'breaking, up of bronchial mucus, use of. 
protease inhibitors) . In addition, the pharmaceuticaa 
cotipositibns of the invention nay be administered by 
direct Injection Into the liver, the muscle tissue, into 
a-tuaor or; by local administration in the gastro- 
intestinal tract. Another method of administration : of 
the pharmaceutical coimpcsition is - the. application via 
the bile draining systen. This nethod of application 
allows .direct access to hepatocyte ree^branes at the bile 
canaiicuiiv 'avoiding ..'Interaction of the composition .v. 1th. 
blood ; constituents .. 

: • : ■'■ P.e c eritl y / : t h .e .' : . f e a s i bi 1 i ty o f >u s i n g myoblasts 
.- ( isuna tur e sus c 1 e ' c e-1 I s ) ' to . ca rry ge h e s : ' i n t o - the r\u s c 1 e " 
.••f ibres\ cf: "nice vas shovn:.' Since the r,yob lasts were shown 
■ to. secrete the gene, product' into the blood, this method \ 
niay have, a nuch w^ider application than treatment of 
: - genetic" '.defects, cf . muscle' cells like the defect involved 
in riu scular dys trcp h y . : Th'u s- , . e ng i n cer o c! rr. y cb 1 a st s iaa y 
be used, to del i ver. gene; products, vhich richer act in the 
blood or are t r or. sported-., by the. blood. ' "he experiments 
in the /present : irv-enticn have shovrv-tr.it ^oth myoblast ' 
and nyptube c_* 1 t_. res ; , . even primary o r. -;: z , can .be 
t ran s fee ted v i 1 r. r. i r: h • e r i c i ency . T h -_• - os t succes s f ui 
. transfection r.edii:" contained ccrr.binat i or. complexes, of 
. biotinylated ; -sd*r : cv ir'js , transf err in-poiy lysine and. 
streptavidin-poiyl ysine . Besides the reporter gene" 
products luciferac^ arid. 6-galactosidase , factor VIII was 
expressed in the -uscle cells. Furthermore, the chicken 
adenovirus, CELO v^s employed in combination complexes 
containing wheat germ agglutinin as an additional 
internalizing factor- 

Therapeutic application nay . also be. ex vivo, in 
' which the- treated cells, e.g. bone rr^rrov ceils, 
hepatccytes or ~ ycbl ast s , are returned to the body e.g., 
Ponder et aK ( - l**-!. Dhawan et al. 1991. Another ex 
vivo application o : the present invention concerns so- 



called "cancer vaccines". The principle of this 
therapeutic approach is to isolate tumor cells from a . 
patient and transfect the, cells with a cytokine- encoding 
DNA* The next step may involve inactivation of the 
; pells, e.g. by irradiation, in such a vay that they no 
longer . replicate but still express the cytokine. Then 
the genetically modified cells are applied to the 
patient from which they have been isolated/ as a 
vaccine. In the environment of the vaccination site, 
the secreted cytokines activate the iniaune system, inter 
.alia by . activating cytotoxic T cells . ./These, activated 
cells are able : to exert their effect in other parts of 
: the body and attack also non-treated tumor cells. Thus/ 
the risk of tumor recurrency and of developing 
metastasis are reduced. A protocol suitable for the . 
application of cancer vaccines for gene therapy was 
described by. Rosenberg et a!. , 1992 . Instead cf 
retroviral vectors suggested by Rosenberg; the gene 
transfer system cf ; the present invention may; be used.: 
In -the experiments cf the present! invention primary \ 
melanoma cells were' successfully transf acted with a 
reporter gene contained in. combination conple>:es of 
polylysine^coupled adenovirus and transferrin- 
. poiylysine. 

The present invention can also be used in assays 
for determining the host innune response to a given 
.antigen. Antigen-specific cytotoxic f lymphocytes (CTL) 
that kill infected cells play an important role in the 
host defence against viral infections. or tumors. The: 
interaction between T-cell and antigen-presenting cell 
(APC) is HLA (human lymphocytic antigens - MHC>. major 
histocompatibility molecules) -restricted; to study CTL 
killing of cells expressing antigen in an in vitro CTL 
killing assay, one nust present the antigen to the CTL 
in the correct HLA context , which usually means cn an 
autologous target cell. A CTL-killing assay nay be 
performed as follows: APCs are transf ected with a DMA 
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.;cojistruct containing an antigen encoding sequence. 
Antigen epitopes will be bound to MHC class I molecules 
5-.; and .presented .at the: cell surface as a target for a 
specif ic CTI, response. Thus, upon incubation with a 
sanple of patient's serum, depending oh the presence of :. 
specific CTLs, the APCs will be lysed. Lysis is 
■ measured by nonitoring the release of e . g . radioactive 
chronixin that was Incorporated into the ^PGs prior to 
tlie addition of the seruia,. Established protocols 
/(Walker et al . , 1989) : use B-LCLs ( B-lymphoblastoid cell 
; lines) induced : to exprer.s antigen gene^ by transfection 
. "-/ with recombinant vaccinia ..viruses. However, cells 
v. .expressing antigen efficiently for about one day, die. \ 
. due to the lytic effect -of vaccinia . These difficulties. 

./.can. be. cverco-e "by/CTL killing assays employing' the gene 
, /transfer system oi. the i nven tion /fo- .introducing antigen 
_ './encoding- DNA ■ constructs ,. e.g. constructs encoding HIV or 

tuiaor antigens into f ibroblasts to render theh antigen 
/'/' express ing. Prir.ary , f ibroblasts are easy to obtain from 
biopsies, easy to -crow, and have been demonstrated to be 
/transferable .with.: a particularly high efficiency (about 
50 to about. 70 by means of the present. invention. 
Such assays are useful for identifying epitopes 
/recognized by >:iller cells with a view to designing 

vaccines.. Furthermore, . they can be advantageously used 
/ in order to determine an individual's HLA; restricted 
immune response against a given antigen. 

Because a Mch level of expression of the 
transferred genes can be obtained in virtually ail 
cells, the invention can be used to produce recombinant 
proteins. Here, there are no or few limitations as to 
the sequence and molecular weight of the transferred 
DNA, respectively- There is also a wide spectrum of 
cell types which are transf ectable with the composition 
of ; the. present invention. Thus, nearly any cell type 
can be used for the production of recombinant proteins 
which ensures that the recombinant protein is produced 




in a faithful and fully modified post-translationaily 
processed form guaranteeing high biological activity of 
the product. ■*• ■ v.---. :.. . 

; Gene: transfer into cells may be accomplished as 
shown yinjthe Examples for lucif erase and for FN-a/'and 
.p^ac^icall^ rise to a • ?X 

desirs|d protein p The desired 

prptein^ product; can be; recovered from the trahsf eited 
ceri-cTiitMTC or an ^ 

^pprop^iaie^ ^ cell hbinogenate, according to the protocol 
: f9r> : the ^ particniiar protein: product) / 24 hours to one 
;week..,or ; -,T3ore- after the ;£ransfectiori. ' 

The application of the gene transfer system ■ ■ 

according vto the? p resent ; invention for the production of 
recpmiSinant proteins has the following advantages : v 

efficiency . (more than 
90% ; of ]the trans f ected .cells cari express the gene at 
>4gh levels) , no , preselection of tVansf ected cells is ^ 
required and there; is no need for establishing stable : - 
cell lines. Small scale cell culture can be sufficient 
to yprdduce useful quantities of protein. r . . • ■ ; 7 

2) /Large gene constructs may be delivered. Up to 48 kb 
have been: successfully delivered thus far. 

3) The gene expression can. be performed in cells that 
guarantee the ; appropriate post-translational processing 
and modification (e.g. vitamin K-dependent .carboxylatibn 
of clotting factors, see Armentano> et al. . 1990 r or 
cell type specif ic glycosylation) - .... 

4) . ...A,, broader selection of target cell types is made 
available for gene expression using this method. 

Description of the . Figures . 

Fig. i: Effect of adenovirus infection on gene transfer 

by neans of transf errin-polylysine. conjugates 
Fig. 2 ; Conj ugate-DNA-compiex dosage effect 
.Fig. 3: Enhancement of transferrin-polylysine mediated 
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gene transfer by adenoviruses occurs by : means 
■ •"■of receptor-medicated endocytosis 
A) Effect on complexed DNA 
■S^y-' • " B) Effect on recep tor w bound DNA 

^y^^^ ; H c ': - ■■^■Vc) ^Effect on gene trahsifer by means of-: :3 : 

^^^i.^^.^;; - '■;■}■ :: v trarisf einrin-polylysin^ 

Fig. 4r Effect of adenovirus infection on gene transfer 
by means' of transf errin-poly lysine conjugates 
in selected cell lines 
Fig* 5: Investigation into whether the enhancement of 

: gene expression is based on gene transfer or on 
• transactivation 
. - . Fig. St Tetra-galactose peptide-polylysine conjugate v 

~ Fig* 7:; Transfection of HepG2 cells in with pRSVL-DNA 
complexes in ;the presence of adenovirus " 
Fig. 8: Transfection of HepG2 cells with pCMVL-DNA 

complexes in the presence of adenovirus 
Fig- 9: Transfection of TIB73 cells with pCMVL-DNA 
complexes: ■ 

" A) Comparison values with chloroguine 

B) In the presence of adenovirus . 
V.Fig.-' 10: Transfer of pCMVL-DNA into T. cells in the 
presence of adenovirus: 

A) R9 cells 

B) Primary lymphocytes. 
' Fig. ...11: DV-inactivation o f adenoviruses: 

A) Enhancement of gene transfer effect in HeLa 
cells by UV-inactivated viruses 

B) Comparison of UV-inactivation with the gene 
transfer effect 

Fig. 12: Inactivation of adenoviruses by ir.eans of 
formaldehyde 

Ficj. 13: Transfection of NIH3T3 cells with transferrin- 
poiylysine-DNA complexes in the presence of 
Moloney virus 

Fig. 14: Investigation into whether the gene transfer 

effect in the transfection of HIH3T3 cells with 



transxerrin-pblylysine DN'A complexes can be 
attribut e to Moloney virus ' 
Ejtgv 15 :^ Interactions between transferrin; and its 
;;4 ■ f.'v receptor -play a part in the gene, transfer 

r^/^^O'e^ 

Eigii v!6r i Influence of pH on the gene transfer effect: of 

/>>^;k;t\-. . Retroviruses;, ■ 
Fig,-: ■ : ilnfluensa-heiaagglutinin peptide; liposome 
;^V- ; " : . ;lea)cage assay .f. •• 

Transfection of K562 -cells with transferrin^ 
poly lysine conjugates in the presence of 
. i n f Ixi e nza - peptide ^pp 1 y 1 y s i n e con j ug ate . 
rig. ,19: Transfecticn of HeLa ceils with transferrin- 
: -?o i y lysine con j ugares i n the pre s ence . of: 
. rinf luenzaypeptide-polylysine conjugate 
Fig * 2Q-: ■- In ■'• situ . evidence of B-galactosidase expression 
/■:■". -after ^trahsfection of HeLa cells" with \\. ... ; • 
:\ . transferrin-polylysine-pG>r\/-^-gal-D?rA in the 

V;'--";-. presence of adenovirus 
Tig-i -21: ; In situ g-calactosidase expression -in HeLa 

cells - in the presence of. adenovirus . 
Fig. 22 : transfecticn of ceils vith a 48 kb . cosnid. in 
nhe. presence, of adenovirus 
• : A: HeLa cells - . •• 
.- , ,\ .-" , "■: 3: ■ Neuroblastoma cells ■■ 
Fig. 23: Preparation of adenovirus-poly lysine conjugates 

by chenical coupling 
Fig*. 24:, Trans fectioii o£K552 cells by means of 

chemically coupled adenovirus conjugates 
Fig.. 25: Transfection of HeLa cells by: means of..' 

chemically coupled adenovirus conjugates 
Fig* 26: 3inding of polylysine to adenovirus by means of 

transglutaminase 
Fig. 27: Transfection of murine hepatocytes by oeans of 
xransglutaninase-coupied adenovirus-poly lysine 
• conjugates 

Fig. 23: Increasing the efficiency of- transfection by 
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transglutaminase-coupled adenovirus-polylysine 
conjugates compared with uncoupled virus 
, Fig. 29 ; Transf ection of KeLa cells with biotin- 

streptavidin-coupled adenovirus conjugates 
^ Pig. 30: ^ Tr^sfecticn of K562 cells with biotin- . 

streptavidin coupled adenovirus conjugates 
Fig* 31: Transf ection of neuroblastoma cells with a 

48 kb cosmid by means of biotin-streptavidin 
. coupled adenovirus conjugates 
Fig. 32: Transf ection of hepatocytes in the presence of 

chioroguine or in the presence of adenovirus 
Fig. 33: Transf ection of K562 cells in the presence of 
| various endosonoiytic agents 

. Figi 34 : Comparison of transfectipn protocols at the 
cellular level with i&-galactosidase as a 
.reporter gene in. the presence of various : 
endospmoly t ic agents ••' 
. Fig, 35: Long term persistence of . lucif erase expression 
in confluent, non-dividing hepatocytes 
Fig- 36: Expression in HeLa cells- transf ected in the 

presence of the CELO virus in the free form and 
with CELO virus linked to poly.lysine via 
biotin-streptavidin 
Fig. 37: Transfectipn of myoblasts and myotubes in the 

presence of free adenovirus and in the presence 
* of biotin/streptavidin-coupled adenovirus 

Fig- 33: Trans feet ion of primary myoblast and myotube 
cultures 

Fig. 39: Comparative analysis of adenovirus dl312 and 
CEIO virus in the transf ection of HeLa cells 
and C2C12 myoblasts 
Fig. 4C: Improvement of transfection with CELO virus . 

using a lectin ligand 
Fig. 41: Expression of a factor VIII cDtlA in C2C12 

myoblast and my cultures 
Fig* 42: Augmentation of DliA delivery by adenovirus 
^^StS^n proteins. A) KeLa cells Q) fibroblasts 
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Galactose-influenza peptide conjugates for DNA 
transfer into hepatocytes 
Galactose-adenovirus conjugates for DNA 
transfer into hepatocytes 

Gene transfer into B-lymphoblastoid B-cells 
DHA transfer with transferrin-poly lysine in the 
presence of rhinovirus- A) free rhinovirus B) 
conjugated rhinovirus 

Transfection of primary human melanoma cells 
with combination complexes containing 
transferrin and adenovirus conjugates 
Transfection of primary human myeloma cells 
with combination complexes containing LDL- and 
adenovirus conjugates 

Gene transfer into respiratory tract epithelial 
cells of rats in vivo 

Liposome leakage assay with amphipathic 
peptides 

Erythrocyte leakage assay with amphipathic 
peptides .. . . . 

: Transfection of 3NL CL* 2 cells in the presence 

of amphipathic peptides 
r Transfection of NIK3T cells in the presence of 

amphipathic peptides 
: Expression of IFM-a" in KeLa cells, trans fee ted 
in the presence of various endosomolytic agents 




In the Examples which follow, illustrating the 
present invention, the following materials and methods 
were used unless otherwise specif iedv 

Preparation of transf errin-poly iysine/DNA complexes; 

v i a> Husian transf err in-poly lysine conjugates 

The method described by Wagner et al. . 1991b, was 
; used; in ; which poly lysine : is coupled to the carbohydrate 
side chains of transf errin. 

A solution of 280 mg; (3,5 jimol) of human 
transferrin ( iron- free , Sigma) in 6 ml of 3 0 mM sodium 
acetate buffer, pH 5, was cooled to 0*C and 750 /xl of 
30iaM sodium acetate buf fer pH 5 containing 11 mg {51 
ftmol) oi: sodium per iodate were addedv The mixture was 
left to; stand in the dark in an ice bath for 90 minutes. 
: In -order to remove the low molecular products, gel . 
'filtration was carried out, (Sephadex G-25 A "Pharmacia). > 
yielding a solution which contained about 250 mg of 
oxidized transferrin {measured by, ninhydrin assay)* (In. 
order. to reveal' the oxidized form which contains 
aldehydes and gives a color reaction, when stained with 
ahisaldehyde the samples were added dropwise to a thin . 
layer plate of silica gel and dried and the plates. were 
dipped into p-anisaldehyde/suif uric acid/ethanol 
: (1/1/18)> dried and heated.) The modified transferrin 
solution was added quickly (within 10 to 15 minutes) to 
a solution containing l-5 ; /imol of f luorescein-labelled 
poly (L) lysine with an average chain length of 190 lysine 
monomers in. 4. 5 ml of 100 mM sodium acetate, 
pH 5.. The pH of the solution was adjusted to pH 7.5 by 
thfe addition of 1 M sodium bicarbonate buffer. At 
intervals of 1 hour, .4 batches of 28.5 mg (450 jimol) of 
sodium cyanoborohydride were added to. the mixture .~ 
After .17 hours, 2 nl of 5 M sodium chloride were added 
to adjust the solution to a total concentration of 
0.75 M. The reaction mixture was loaded on a cation 



exchange column (Pharmacia Mono S HR 10/10) and eluted 
with a salt gradient of 0.75 M to 2.5 M sodium chloride 

, with a constant content of 25 xsH HE PES ,. pH 7 .3 - The 
high salt concentration when loading the column and at 
the beginning of the gradient was essential [ t or 
jbbtainirig the polycation conjugates • Some transferrin 

^ /(about 30%> . together with a weak fluorescence activity 
was eluted in the flow through; the majority of 
vfluorescehce^labelled a salt 

concentration of . between !> 3 5 M and 1. 9 M and was pooled 
in 3 fractions- These , fractions (in the sequence in 

- which they were eluted) yielded/ after two lots of 

. ...dialysis against 2 1 25 inM. HEPES pH 7 . 3 , a fraction. A 

> (TfpL190A) containing 45 itg (0.56 m^oI) of transferrin,- 
, modified. with 366 nnol of polylysine, a fraction B 

. . (TfpL190B) containing, 72 ng (0.90 ^n*<ol) transferrin, 
sod^f ied' with 557 nriol poly lysine, and a fraction C 
CTfpL19 dq) / containing 7 mg" (85 hiRol) : transferrin, 

. Taodified with, 225. nnoi poiylysineV If they were not 

used \ innediately, the transferrin, conjugates were flash- 
frozen in liquid nitrogen and stored at -20*c in iron- 
free, forn. • Before the incorporation of iron f sanples 

. . (0 .5 to l shg) were adjusted , to a physiological salt 
concentration (150 pM) with sodium chloride. The iron 
.. .was incorporated by adding 4 ^1 of 10 ir*M iron (III) 
citrate buffer (containing 200 citrate, adjusted to a. 
pH of 7.8 by. the addition of sodium bicarbonate) per ng 
of ; transferrin content. The conjugates containing iron 
were divided up into small aliquots before being used 
for DNA conplexing, then flash frozen in liquid nitrogen 

. . \or dry. ice/ethanql and stored at -20-C- This procedure 
proved advisable once it was found that repeated thawing 
and: freezing causes the conjugates to lose activity.) 

b) Murine transferrin polylysine conjugates 
A similar Method was used as for human transferrin, 
'..in that coupling was effected by neans of the 
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carbohydrate side chains. Conjugates of 15.5 nmol 
murine transferrin and 13 nmol pL290 were obtained from 
4 .1 mg (51 riinol) of murine transferrin and 2.1 : mg 
V (34 njaol) of pL 290 . 

^lasmid-DNA 

;V'-'^ ; a) pRSVL— DNA 

6 V ]iq of the DNA plasmid pRSVL (containing the 
Photihus nvralis lucif erase .aene under the control of 

. the Rous . Sarcoma Virus LTR Enhancer/Promoter (Uchida 
et al . . 1977/ De Wet et al. . 1987) , was prepared using 

:. : tne .Triton-x Lysis standard method (Maniatis) , followed 
by CsCl/EtBr equilibrium density gradient, 
centrif ligation > decolorizing with butanol-l and dialysis 
against 10 mM Tris/HCl pH 7.5, 1 mM EDTA) , in 350 pi HBS 
(150 inM NaCl, 20 nMHEPES', pH 7,3) was mixed: with 
12 y>q of .transf errih-poly lysine conjugate in 150 /il HBS> 
30 minutes before adding to the cells. 

b) pCMV-DNA 

The plasmid nCMV. was prepared by removing the 
BamHI-Insert of the plasmid pSTCX556 (Severne et al, . 
1938), the plasmid was treated with Kl enow fragment and 
the. Hindlll/Sspl and Klenow-treated fragment from the 
plasmid pRSVL which contains the. sequence coding for 
luciferase was inserted, or the sequence ceding for 
galactosidase (Macgregor and Caskey, 1939) was used. 
Complexing was carried out analogously to pRSVL. 

Production of virus Preparations 

a) Adenovirus preparations 
. The adenovirus strain d!312 described by Jones and 
Shenk, 1979, having a deletion. in the. Ela region was 
used. Replication of the virus was carried out in the 
. Ela-trans-coaolenenting cell line 293, and the 
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purif ication was carried out or. a large scale as 
described by Davidson and Hassell, 1987, The purified 
; virus was taken up ;in Storage buffer {100 •bM Tris, 
pH 8-0/ 100: -2M NaCl, o, 1% BSA, 50% glycerol) or in. 
HBS/40% glycerol and aliquots were stored at -70 *C. 
0^e virion concentration v determined by UV- 
spectrophptometric analysis, of the extracted genomic 
yiral DNA (Formula: one optical density unit (0D ? A^) 
corresponds to ; 10 u viral particles/ml; (Chardonnet and 
Dales; 197p):) 



b) Retroyirus-Preparation 
'. The Moloney: Taurine leukaemia -retrovirus . N2 :: .was "" 
packaged in an ecotrbpic^ packaging line (Keller et al . , . 
1S35> :Armentano et al. ,1987V. Supernatants from virus 
expressing cells were collected; flash frozen in liquid 
nitrogen an<i stored at -20 *C. The supernatants used ; in .. 
the .Examples had a titer of approximately 10 6 cf ii/ial> as 
measured by neomycin-res is tance colony formation with 
NIH3T3 cells. For the virus concentration experiments, : 
the supernatants were passed through a 300. kD exclusion 
membrane ( FI LTRON ) in an. AMI CON stirred cell • 
concentrator under nitrogen pressure. Normally, 10 to 
30 ml of supernatant were. concentrated tenfold by this 
method.. 



Cells and Media 



HeLa cells were cultivated in DMEM-Medium, 
supplemented with 5% heat-inactivatea fetal calf serua 
(FCS) , penicillin in amounts of 100 I.U./ml, 
streptomycin to 100 pg/ral and 2 mM glutaihine. WI-38, 
MRC-5, and KB cells were cultivated . in EMEM-medium 
(Eagle's modified essential medium), supplemented with 
10% heat inactivated FCS , antibiotics as with DMEM 
medium, 10 mM non essential arnino acids and 2 mM 
glutamine. cm, a respiratory cystic fibrosis 




epithelial cell line (prepared by the method described 
by ' Yankaskas : et a 1 . , 19 9 1 ; the. CFTl cell, line is 
characterized in that it is homozygous for the aF508 
deletion CF-mutation) vas cultivated in F12-7X-raediuja 
(Willumsen et aL > 1989) > For the gene transfer 
experiments the cells were cultivated in 6 cm cell 
cultuxe plates until they were about 50% confluent (5 x 
loVcells) \ The medium was removed and 1 ml of DMEM or, 
EMEM/2% FCS nediun was added.. Then the conjugate-DNA. 
complexes were added, followed, immediately by vhe 
adenovirus d 13 12 (0.05 - V.2 x 10 4 particles per cell) or 
a comparable volume of virus storage buff er i(l - 
80 jil)". The plates w.^re returned to the incubator for- 
one hour : (5% C0 2 , 37 *C) , ■ then 3 ml of complete medium 
. were .added After, a further 24 hours', incubation the. 
cells were harvested in. order . to : Treasure the lucif erase 1 
.gene expression. : In the case of the~CFTl, the cells 
; were cultivated for 4 hours in F12-7X medium without 
■human transferrin before the gene, transfer experiments. \ 
The. following cell lines were obtained from ATCC , 

- obtainable under "the Catalogue furthers given;' HeLa 

- cells: - CCL =2, K562 cells: CCL 243 , HepG2 cells: H3 8065, 
TIB-73^-cellsf TI3 73 (BNL CL..2) , T:iH3T3 cells: CRL 165S, 
293 cells: CRL 1573 , KB cells: CCL 17, WI-38 cells: CCL 
75, >IRC 5 cells: CCL 171. H9 cells were obtained from 

; the AIDS . Research and Reference Reagent Program, U.S. 
Department of Health and Human Services, Catalogue 
Number 87.' 

Primary lymphocytes were obtained by taking up a 25 
inl sample of* umbilical cord blood in test tubes 
containing EDTA. Aliquots were underlayed with 4.5 nl 
of ric.oil-hypaque {Pharmacia) and centrifuged for 15 
minutes at . 2, 500. rpm. - The . brownish layer between the . 
upper plasna layer and the clear FicolL layer was 
removed (about 10 ml) - 40 rr.I of IMDM. plus 10% FCS was 
added , the sample was centrifuged at. 1200 rpni for 15 
. ininutes and the cell pellet was suspended in 50 nl of 



. fresh IMDM pi us X O&A FCS .-■£'( the eel 1, density was about 2 x i 
?• ' ; il<>-: cell-'s/iai )-y Vf. ^/aliquot of phytohaeroagglutiriih - 
^; j;(PHA culture was incubated for 

;U£:4*Vh6^ recombinant. IL-2^ (BMB) " : 

i^TOs^ -units-.- per ml);. The' -cells " 

2. units^ II^; \ 
^ j^iquots of f±he cells were deep frozen in liquid 

nito FCS^plus 5% DMSO* Before use, the cells 

; were grown^ in IMDM * plus 20% FCS plus 2 units ml/IL-2. : 
^: ; t ^ / ; : For the r sequential -binding investigations HeLa : 
\ -"t cells ^rer v .e;^iiibrated::at : 4r^C in l-ml DMEM, ■>.-" 
; supplemented: with \2% FCS • :The con jugate-DNA complexes - 

• were ?,dded as ; in the other tests and the plates were 
: lircatuifeeid : 'for - <2~. : hours; • a£v 4- *c »\ ,- Then • the plates were 
=:/' r; ex^ustiveiy ; washed: ;with; : ice cold DMEM/2%: FCS, then 
■o# : :&i5'uiediuin; were addedV Adenovirus: d'13'12" or 
;;•■..= virus: buffer ".va^J then added,, the *;cel Is .were; left ; to warm 

up slowly # before being placed . in the incubator for a 
' . further 24:- hours . / . After this incubation, - the cells; w£re 
; . . harvested .and investigated . for iucif erase gene ' : 
•expression.: ... - -'•-•.K:" ; : : - : -"-y '■^.r ... * 

• Lucif erase- Assay- : . - .-. : . . 



The preparation- of cell extracts , standardization 
of the protein content, and determination of the 
luciferase activity were carried out as described 1 by 
Zenke et al--V : 19.90, Cotten et ; al. , 1990, and in 
EP 383 753. • 

Example l 



Determination of the effect of the adenovirus treatment 
on gene; transfer by transferrin-polylysine. conjugates 




First of. all, the. effect ; of . an increase in dosage 
of virus on the ability of a defined amount :'of : 
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conjugate-DNA complex to achieve gene transfer was 
investigated. For 'the complex formation, 6 p.q of the 
; plasiaid pRSVL were mixed with 12 jig of human 
transf errin-polYiysirie con j ugat'e (hTfpL190B) . The 
conjugate of the 

adenovirxis dl3 12 (6. 05 - 3 , 2 x 10 4 virus particles per 
cell) were added to the HeLa cells. The results of this 
analysis are showr* in pig. 1- The lucif erase activity is 
expressed in light units of 50 Mg of total cell protein. 
■According to this analysis > increasing amounts of added 
adenovirus ^resulted in corresponding increases in : gene 
■transfers '.''The;- figure- shows 'the " averages f roiz 2 ■ to 4.\ . 
■separate ; experiments; the bars indicate, standard 
deviation."-, . . ■ . ■ ' 

Exanple : 2 ; ; > ■..{-, ; • 

Conj ugaterDNA Complex Dosage Effect ■ v . . 

Ix^garithinic" dilutions of con jugate-D?<A complexes 
prepared as in Example : ;1, were -added to HeLa eel Is 
either, with or without the addition of aconstan*- dosage 
of adenovirus d!312 (1 x lb c viral particles per cell). . 
The luciferase; activity, var determined as in Example 1. 
The results , are;, shown in Figure, 2. 

• Exanpie 3 

Enhancement of the gene transfer effected by transferrin 
polyiysine by means of adenovirus occurs through 
receptor-nediated - endocytosis 

a) Effect of adenovirus treatment on the transfer of 
the complexed DNA 

The following components were used for 
transfection: 

6 ^g pRSVL-DNA without trans f errin-pol ylysine 



conjugate; "(DMA) ; 6 jig pRSVL-DNA plus 6 iiq of non- 
cohjuga ted poly lysine 270 (DNA + pL) ; 6 nq of pRS VL-DNA 
plus 12 jig of transferxin-polylysine conjugates used in 
previous examples (DNA + hTf pL19 OB) . These trans faction 
materials were added to the HeLa cells with, or without 
;a4eriovira 

cell) . The preparation of tte c 

standardization for total pxotein arid determination of 
the lucif erase Activity were parried ; out as in the 
previous,: examples. ; The: results of . the tests are shown : 
in Fig..., .3 A.- : '/" 

b) . ;•• Ef f -feet' of adenovirus ' treatment on the transfer of 

receptor-bound DNA ■ ' 

Conjugate--DS T A complexes (D.KA +' hTf pL19 OB) . or 

po ryiysine-DN-A conpJ.exes (DMA + pL) were bound to HeLa 

without being internalized/; by incubating at 4"C. r Non~ ; 

bound. complex ; was renoved: before the addition of 

-adenovirus dl312 (dl312 ) ( 1 x 10 4 viral particles per . 

cell) .'■or' a .comparable buffer, volume. Subsequent 
■ incubation;. was carried out at 37 *C in order to perrit 

internalization of the bound DN'A complexes and. 

adenoviruses-; The lucif erase activity was determined as 
. -described \ {Ti g . 33) . " 

c) Effect -of adenovirus . treatment of gene, transfer .by 
trans.f err in-polylysine conjugates 

Con jug ate -DNA complexes containing 6 pRSVL-DNA 
plus 12 ^g transf err in-polyly sine. (DMA + hTf pL190B). were 
added to the HeLa . cells with 1 x 10^ adenovirus particles 
(dl312) per cell or a comparable quantity of heat- 
inactivated adenovirus dl3l2 (dl3l2 h.i.)- Heat 
. -ina.ctivation was carried out by incubating for 30 
minutes at 45'C (Defer et al. .. 1990), 



Example .4 ; 



Effect of adenovirus treatment on gene transfer by 
transferrin-poly lysine conjugates in selected cell lines 

< Conjugate-DKA complexes (6 jig pRSVL f- 12 pg 
hTf pL190B) were added to cells of the cell lines CFTl, 
KB/ Heia, KI38 arid MRC5 with or without adenovirus dl312 
(1 x 10* virus particles per cell) . The efficiency of 
gene transfer for the various cell lines was determined 
as in the: previous examples by luciferase assay (Fig* A). 

Example : 5: 

Enhancement of luciferase gene expression functions at 
the level of gene transfer, not at the level of 
.-ttansactivatipn 

^:r'''>:^ce'll'.line designated K562 10/6 cpnstitutively , ' '- 
expressing luciferase: was prepared by transfecting cells 
with, a plasnid; which contained an RSV-lucif erase gene 
fragnenc : (an Apal/Pvul fragment of pRSVL (De Wet efe_al > ,. 
1987)) cloned into the Clal site of the pUC^ Locus 
(Collis et al. , 1990) This plasrnid was complexed with 
a transferrin-polylysine conjugate and K562 cells were 
transfected with these complexes, using the nethod 
described , by Cotteh. et al . / 1990. . Since the pUC/i Locus 
plasaid contains a neomycin resistance gene it: was 
possible to select for lucifer*. - -expressing clones on 
the basis of neonycin resistance. For the further 
experiments, clone K562 10/6 was selected. 

Aliquots of the parental cell line K5S2 (in 200 Ml 
RPMI 1640 plus 2% FCS; 500,000 cells per sample) were 
treated either with 12 y.q TfpL. plus 6 y.q pRSVL or with 4 
Mg pL 90 plus 6 Mg pHSVL, in 500 ^1 HBS in either case. 
The quantities of adenovirus dl3 12 specified (Fig*5) 
were allowed to act on the cells for. 1.5 hours at 37*C, 



after; which 2 ml of RPMI and 10% FCS were added . Then 
jincubiation^ --was continued at 37 *C fcr a further 24 hours 

vthC; cells were then prepared for measurement for the 
^uciferase - activityi :It was found that incubation with 
Adenovirus results in :a significant increase in the 
luc^erase activity (Fig* 5A) . tfhis appl ies both to the 
T?pi Qo^plexes (2000 light units as against 25 ,000 light 
units) iand also to t^ 90 complexes (0 as . against 119 
x 10* light imits) ; This shows that the K5 6 2 cell line 
-h^s;:t^e capacity' to : internal ize pRSVL polylysine " 
complexes, and: that" this ^internalization, rieasured ' by ; " 
rlucif eraser express ion f ^-. is signif icantly : increased by the. 
^presence; of .Adenovirus"." \ ■ .*..'■ ■„ ■ 

: out- with - the ■■ '■ 

: K5$2 vio/6 cells - which const itutively express the RSVL > 
^lucif erase gene > and similar amounts of . adenck'irus dl312- 
were, use^. ■ Aliquots of 500,000 cells (in 200 >1 . RPMI \ 
plus 2% FCS) -were incubated at 37 # C for i; 5 hours with- ^ 
: the -quantities bf adenovirus". dl312 specified, in' Fig, 5B: ^ 
■ Then, • as in \the. .parental cell ' line -RPMI . plus 10* _ FCS was 
:,^fi^ed; -ificubation. was continued " for ' a- "fur the r-'= -24 - hours : •: ' 
-and, the iucif erase -activity was deterraihec As shown in 
. Fig . SB / the .treatment o f ithese eel Is . w it h . t h e acenov i rus 
■; dees.; not" -'have- ^ d'etectable^ef f ect" on the iuc; f erase' 
activity; the control .values are in the same range as 
.the values for the virus ...treated samples. 

Exanple 6 . .'•<•* 

: Trans fection of liver cells with as.ialofetuin-polylysine 
conjugates (AFpL) or with Tetra-galactose= peptide-pL : 
conjugates ((gal) 4pL) in the presence of adenovirus 

a) Preparation of the . ^actosylated peptide 

3.5 ■ isg (1-92 t±KOl) of the branched peptide Lys-(Ne- 
. J-ys) Lys-Gly-Ser-Giy-Gly-Ser-Gly-Gly-Ser-Gly-Giy-Cys, 
prepared by the Fnpc method using an Applied Biosystems 



431A Peptide. Synthesizer, containing a dithiopyridine 
group: for Cys, were. treated with a solution of 7.85 ng: 
of lactose in 40 jil of 10 raM aqueous sodium acetate pH 5 
at, 37* Cv To the solution were added four aliquots of 
0*6 iag ; jiq./jKaol) of sodium cyanpbdrohydride at intervals 
of about 10 hours. After' a total of €4 hours at 37 *c 
0, 5 r*l of : HEPES; pH 7i3 .and IS rig of dithiothreitol (DTT) 
were, added.; : Fractionation by. gel f iltration (Sephadex 
G-10, 12 x 130 rnu Eluent: 20 nH NaCl) under argon 
yielded 3 - 6 nl ;of. solution of lactosylated peptide in 
: ;the-,'f re"^ ^Doi- cbfresponding 'to the. 

•':Hllnanh;./t"est; : .3.4%- yield) y ■ The samples- of modified \ 
peptide ;'shpv ; ed a color , reaction with anisa idehyde but no 
color "'reaction" * vith : :; ninhydrin -this accords "with -the \ 
assumption that'. all' : 4 NTterminar. amino groups are : 
1 actosyia ted : . : . The. t etra-gal actose pep t ide-poly lys i n e ^ 
: conjugate is shown in Fig ♦ 6. 

b). Preparation of .3-dithiopyridinepropionate-nodif ied '■ 
; p.olyiysine ...... . . 

: ; 400" ^i. cf a. 15 r>M ethanol solution of S?D? 

(6.0 pmol) -were added, with .intensive nixing, to a. gal- 
. filtered ''solution of 0*60 jtno'l poly-L-lysine with an 
i average chain length of 290. lysine nbnoners (pL290, 

hydrobromide, Sigma) in 1.2 mi of 100 n.M KEPES pH 7.9. 

1 hour later, 500 /il of 1 M sodium acetate pH 5 re 

added after gel filtration {Sephadex G-25) with 100 mM 

sodium acetate, the. solution contained 0.56 ;xmol pL290 

with 5-77 ^mol of dithiopyridine linker. 

. c) Conjugation of the Peptide with Polylysine 

Conjugates were prepared by mixing 1.5 ^xrnol of the 

lactosylated. peptide prepared in a) in 3 ml of 20 mM 

NaCl with 0.146 ixl of the modified pL290. obtained from . 

b) in 620 ^1' of 100 mM sodium acetate buffer under an 
. argon atr.osphere. After. the addition of 100, jil of 2 K 

HEPES pH 7.9, the reaction mixture was left to stand for 
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18 hours at ambient temperature. .. By the addition of 
NaCl, the; salt; concentration was adjusted to 0. 68 M and 
the conjugates were isolated by cation exchange 
chromatography (Pharmacia Mono S column; KR 5/5 ; gradient 
elution, Buffer A; 50 aM HHPES pH 7.3; Buffer B: Buffer 
A plus 3 M NaCl) - The product f ractions eluted at /salt 
concentrations of about 1.2 M - 1.8 K and were pooled In 
two conjugate fractions: the conjugate fractions were 
naced (gal) 4pLl and {gal) 4pL2 . Dialysis against 25 iaM 
HEPES pH 7.3 resulted in the conjugate fractions 
:(gal)4pLl> containing 24 nmol of modified pL290 and 
(gal) 4pL2> containing 24 5 nmol of . nodified pL290. . 

d) ■■ '.-Preparation of asialofetuin conjugates 

. The conjugates were, prepared on the same principle 
as the transferrin conjugates; a similar method of. 
preparing asialocrosonucoid-poly lysine conjugates was 
: described;: by Wu and Wu in .1988. 

- The coupling of asialofetuin to polylysine was 
carried- out by bonding via disulfide bridges after 
modification with the bit uncticnal reagent. s?0? 
(Pharmacia) ... A solution of 100 mg 1 (2.2 ^mol) of 
asialofetuin (Sigma) in 2 ml of 100 mM he?£S pH 7.9 was 
subjected, to gel filtration on a Sephadex G-25 column. 
330 pi of a %5 jrC< ethanolic solution of S?D? (5.0 /inol). 
were added to the resulting 4 ml solution with vigorous 
stirring. Afzer. l hour at ambient . temperature, 
purification was carried out by another gel filtration 
(Sephadex G-25) ; this resulted in 5 ml of a solution of 
1.4 ;imol asialofetuin, modified with 2.5 mit.oI of 
dithiopyridine linker- 
Conjugates were prepared by mixing 1.4 ^mol of 
nodified asialofetuin in 5 ml of 100 mM HEPES pH 7.9 
with 0.33 '^ol of modified pL190 (containing 1 : .07 /xmol 
of mercaptoprcpicnate groups; the same process was used 
as for the. preparation of the transferrin conjugates) in 
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6/5 nl of 200 n£t HE PES pK 7.6/ unaer an Argon 
atmosphere- The reaction mixture was left to stand for 
24 hours at ambient temperature. The conjugates were 
isolated froa the reaction mixture by cation exchange 
chromatography (Pharaacia Mono S-coluan KK 10/10; 
gradient elution. Buffer A: 50 mM HKPES pH 7.9; Buffer 
B: Buffer A plus 3 K sodium chloride) and sodium • 
chloride ; was added until a final concentration of 0.6 M 
vas achieved before loading the colunn. The product 
^fraction eluted at a salt concentration" of about 1.5 M. 
Dialysis with K3S yielded conjugates containing 0.52 
^tiol.cf asialofezuih, modified with 0.24 ■ jjtasol of pL190. 

e) Trans feet ion of KepG2 cells with pRSVL- DNA 
complexes 

KepG2 cells were grown in DMEM nedium plus .10% FCS 
10O I.u;. Atl; penicillin/ 100 .jig/ial streptc-ycin and 2 nM ; 
. glutanine in T25 'flasks. Transections were carried out 
at a density cf : 4 00,000 cells per flask. Before the 
.trarisfection, the cells were washed, with .4 nl of fresh, 
nediun. contair.inc 10% FCS . Innediately before the 
transfection, chl.oroquine . (Sig^a) was added so that the 
final concentration in the cell suspension (plus DNA 
'solution). ' was' .100 

10 /ig pH57L-D:;A in 330 til HBS were riix^d with the : 
quantities of TfpLlSOB conjugate (TfpL) , asialofetuin 
pL90 conjugate (AFpL) / polylysine 290 (pL) or Tetra- 
galactosepeptide polylysine; conjugate (gal)4pL specified 
in. Fig:. 7 in 17 0 -1 of HBS. In the corpetition 
experiments, 240 pg of asialofetuin ( (gal) 4pL + Af) or 
30 v-q lactosylatec peptide £ (gal) 4pL "+ (gal) 4) were 
added after 30 ninutes. The mixture was added to the 
cells; the cells were incubated at 37 # c for 4 hours, 
then the transfection medium was replaced by a, ml of. 
fresh DMEM r^.ediu:?. plus 10% FCS. . After . 24 hours the 
cells we: riervested for the iuci f erase assay. The 
values given in Fie. 7 represent the total lucif erase 



activity of the transfected cells. As shown in the 
figure, pi and TfpL show slight lucif erase activities; 
(gal ) 4pL shows values as high as AfpL; (gal) 4 or Af 
compete for the asialoglycoprotein receptor and, as 
:expec±ed r lower the values. 

f ) Trahsf ection of HepG2 cells with pCMVL-DNA 
completes 

KepG2 cells were grown: in 6 cm plates to a cell 
density of 300,006 cells per plate, as described in e) . 
Before transf ection, the cells were washed with 1 :?,1 of 
fresh aedius containing 2% . FCS.-.. 

6 ^g Qf pCXVL-DKA in H3S were iaixed with the 
quantities of TfpL103 conjugate (TfpL; , asialof etuin-pL. 
conjugate (AFpL) , polylysine290 (pLys290) , (gal)4pLl or 
; 1 (gal)'4pL2 -specified, in Fig. 8, in 170 p.1 KBS * After: 
30 nihutes,. 1 ml of DMFM, containing 2% FCS and SO pi 
adenovirus : stock solution di312C, were added to each 
DNA-con jugate corsplex. . In the competition experiments, 
30 pg of lactosylated peptide (gal)4pL ((gal)4pLl + . 
(gal) 4 or (gal)4pL2 + :.(gal.) 4) ■ were added, as specif ied. 
The nixture was added to the cells; the cells were : 
incubated for 2 hours at 37'C, then 1.5 nl of nediun, 
containing 10% FCS were added. Two hours lator, the 
transf ection inediun was replaced by 4 nl of fresh DM EM. 
nediurn plus 10% FCS, After 24 hours the cells were 
harvested for the lucif erase assay; the values in Fig. 
3,. represent the total lucif erase activity of the 
trans fected cells. pLys290 exhibits an effect, <gal)4pL 
exhibits a stronger effect; an addition of (gal) 4, which 
competes for the asialoglycoprotein receptor, reduces 
the values to. the value obtained for polylysine. 

c) Transfection of TIB73 cells with pCMVL-DNA 
complexes . 

Cells of the embryonic murine liver cell' line ATCC 
TIB73 (BWL CL-2 ; Patek et al, , 1978) were grown at 37*C 



: in a 5^ C0 2 atmosphere : in "high glucose" DMEM (0.4% 
glucose) # supplemented with 10% heat- inactivated FCS 
containing lpo IvU./ral penicillin, 100 jig/ml 
■streptomycin and 2 im glutairiine in 6 cm plates. 

The; trans feet ions were carried out at a cell 
density of 300 ,000 cells per plate . Before the 
transfectiori, the cells were washed: with 1 ml of fresh 
iaediura plus 2% of FCS,. 

: > ,• 6 fig pCiWLTDNA .in 300 ;il HBS were mixed with the ; 
specified' ^amounts of Taurine transf errin-polylysine290 ■. 
conjugate (rsTfpL)V asialof etuin-pL conjugates (AFpL) 
.polylysine290 (pLys290) , " (gal)4pl or (gal)4pL2 in : . 
.170; Ail HBS'. . After 30 minutes,. 1 ml' of ■ DM2M / containing ; ; 
2% FCS and 50 p.1 of adenovirus stock solution dl3i2 were ■ 
added to each DMA conjugate complex. The mixture was 
. added to the cells, the- ceils were incubated for 

2 hours at; 37'C, then 1.5. ml of medium containing . 10%. • 
: FCS was added. Two hours later, the transfection medium 
was replaced by. A nl of fresh medium. After, 24 hours 
the cells were harvested for the lucif erase assay; the 
Values . shown in Fig. 9A represent the total lucif erase 
activity of the transf ected cells. 

As a comparison, transfection was carried out 
without adenovirus in the presence of chloroquine: the 
transfection was performed dt a cell density of 300,000 
cells per plate. Before the transfection, the cells 
were washed with 1 ml of. fresh medium containing 2% FCS. 
Immediately before transfection, chloroquine (Sigma) was 
added so that the final concentration' in the cell 
suspension (plus DNA-solution) was 100 pM. 
6 pg of pCMVL-DNA in 330 /^1 HBS were mixed with the 
specified amounts of mTfpL, AFpL, pLys290, (gal)4pLl or 
(gal)4pL2 in 170 ^1 of HBS. After 30 minutes the DNA; 
complexes were added to the cells. The. cells were, 
incubated for 2 hours at 37 *C, then 1.5 nl of medium . 
containing 10% FCS and 100 /*M chloroquine were added. . 
Two hours later the transfection medium was replaced by 



■4 ml of fresh medium*.. After 24 hours the cells were 
harvested fcr. the measurement of lucif erase.. The values 
obtained for , the lucif erase activity are shown in 
Fig;. SB* iy \ ' 

. Example . 7 ; 

Introduction of DNA in T cells 

a) Preparation of antiCD7 Polylysinel90 conjugates. 
/ ■ '■], A solution: of 1.3 . rig of antiCD? of antibody 

. (Immunotech) in 50 m.M HEPES pH 7.9 was nixed, with 49 >1 

' 1 -mM- ethanolic solution of. SPDP (Pharmacia) . After. . 
1 hour at ambient temperature the mixture was filtered 
over a. 'Sephadex G-25 gel colunn (eluent 50 mM KEPES 

' Buffer pk .7.-91) / .thereby obtaining 1.19 mg. (7.5 nmol) of 
aritiCD7, modifieci with 33 nmol py.ridyldithiopropionate . 
groups ; .Poly ( L> 1 y s i ne 19 0 , fluorescent labelled using 
FITC, was. modified analogously with SPp? and brought, 
into the. form modified with free . mercapto groups by 
treating it with dithiothreitol and subsequent gel 
filtration. A solution of 11 nmol of polylysinel90, 
modified, with 35 nmol mercapto groups, in 0.2 ml of 
'30 mM . sodium /acetate buffer was mixed with modified 
antiCD7. (in 0.5 ml 300 mM - HEPES pH 7.9) with the 
exclusion of oxygen, and left to stand overnight at, 

. ambient temperature. The reaction mixture was adjusted 
to a content, of about 0.6 M by the. addition of 5. M NaCl. 
Isolation of the conjugates was carried out. by ion 
exchange chromatography (Mono S, Pharmacia/ 50 mM HEPES 
pH 7.3, salt gradient 0.6 M "to 3 M NaCl') ; after dialysis 
against id mM #EPES pH . 7. 3 /corresponding conjugates 
were obtained consisting of 0.51 mg (3.2 nmol) of. 
antiCD7-antibody , modified with 6.2 nmol polylysinel90 . 

b) Preparation of gpl20-Polylysine 190 conjugates : 
Coupling was carried out by methods Known from the. 



literature. by. thioether-1 Inking after mod if Icatibn with 
N~hydroxysuccinimide ester of 6-maleimidocaproic acid 
(EMCS, : Sigma) (Fuiiwara et al. , 1981). 

..^ThioetherWHnked'gpl20-PoIyiysihe ISO-conjugates; 
A. solution of 2 lag of recombinant gp!20 in 0.45 al 
of 100 mM HEPES. pH 7.9 was mixed with 17 jul of a 10 mM 
-solution' of EMCS in dimethylformaTnide. After. 1 hour at 
ambient temperature, . filtration was /carried out over a : 
Sephadex G-25 gel cdlumn (eluent 100 inM HE?£S-Buf f er. 
7.9) '.. The product solution. (1.2 ml) was immediately 
reacted,, with the exclusion of oxygen/ .with a solution 
of .9.3- nmpi polylysine .190, fluorescence-labelled and 
modified with 30 nmol mercapto groups (in 90 ^1 30 mM. . 
sodium, acetate pH 5.0) > and. left to stand overnight, at . 
ambient temperature. .The reaction mixture was ad j us ted : 
:tp. a content of- about 0.6 M by the addition of 5 M'NaCl. 
The /conjugates were isolated by ion exchange 
chromatography (Mono S, Pharmacia 50mM riEPES pH 7.3, 
■ salt gradient 0.6;M to .3. iZ N'aCl) ;.. after fractionation 
.and dialysis againsc 25 mM HEPES pK . 7.3, 3 conjugate 
fractions A, B' and C were - obtained., consisting of 
0.40. mg of rgpl20 modified with. 1-9 nmol polylysine 190 
(in. the case of Fraction A), or 0.25 mg rgpi 20 Modified 
with 2.5 nmol; polylysine 190 (Fraction 3) , , or 0.1; "rig ., 
rgp!20 modified with 1.6 nnol of polylysine 190 
(Fraction C) . 

pCi-rs/L-DNA (6 jig/sample) were completed with -the 
specified amounts of polylysine90 or the specified 
polylysine conjugates in 500 fxl H3S. In the meantime, 
aliquots. of K9 cells (10 6 cells in 5 ml of RPMI with 2% 
FCS) or primary human lymphocytes (3 x 10 & cells in 
Iscove's modified Dulbecco's medium (IMDM) plus 2% FCS) 
were prepared. The polylysine-DNA complexes were added 
to each cell sample. 5 minutes later, the specified 
amount of adenovirus dl312 was added. The cells were 
then incubated for 1.5 hours at. 37/C, then 15 ml of RPMI 



.. - 79 - 

(in the case of H9 cells) or IKDM (In the case of the 
primary lymphocytes) "plus ,20% FCS were added to each 
sample. The cells were incubated -for 24 hours at 37'C,, 
harvested; and treated as in the other examples, to 
determine the lucif erase activity* The results of the 

■ tes;ts carried but are given in Fig. 10A (H9 cells) and 
lFig:iOB (priinary . lymphocytes) : in. HO cells, the antiCD7 ; 

conjugate (Fig.ioA f - lanes 7 to 9) and the gpl20 
conjugate (lanes 10 to 12) showed the . best results in 

■ terns 'pf- the gene trarsfer achieved with adenovirus,, 
vhile the.:gpi20 conjugate achieved a clear expression -of .. 
the lucif erase gene even, in the absence of adenovirus. 

It. is worth noting that, ia the :tests>. carried cut, only : : 
the- gp!20 conjugate had the ability to int reduce DNA 
: into primary lymphocytes, and then only in. the presence, 
of defective; .adenovirus (Fig. 10B, lanes 7 and 8) . 

/ : Example ' 8 •; ... 
Inactivaticn of Adenoviruses , 

a) ; tT/. Inactivation . • 

An adenovirus dl312 preparation, prepared and 
stored : as described in the introduction to. the Examples, 
was placed in 2 cm -diameter . wells of. a cell culture ; 
plate '{300 Ml per well) on ice at an 8 cm spacing from 2 
UV- la^ps (Philips TUV15 (C15 T3) lamps) . The virus was 
exposed to the UV radiation for the tines .specif ied in . - 
Figure 11A and aliquots of each preparation, were 
investigated for their virus titer and to determine 
whether and to what extent they were capable of 
augmenting gene transfer with pclylysine-transf errin 
conjugates into He La cells. 

The cultivation of the cells and the transfection 
were carried out essentially as described above under 
''cells and media" ; the- components used for transfection . 
are shown in Fig.llA- The complexes of pCMVL-DWA and 12 



/xg TfpL .'were prepared in .500 pi HBS and' added to 
2,x 10 5 HeLa cells (in 1 .nil -DM EM plus 2% FCS) About 
5 minutes; later, 54,i:l -cf each virus preparation was ■ 
added to each culture an<f the culture was incubated at 
^?*C for one and a half to two hours/ Then a 5 ml 
aliquot of DMEM plus 10% FCS was added to each culture, 
incubation was continued at 37* c for 24 hours and the 
cultures' were harvested arid investigated for luciferase ' 
^ctivity. The ouantity of 54 ^1 of non- irradiated virus 
is not in the saturation range, i.e. the test is 
sensitive to a quantity of virus at least 3 tines 
greater. The results obtained for the luciferase 
expression are shewn in FigVllB (shaded rectangles.) . 

. The virus titer, of each preparation vas determined 
using the Ela. ccnipieiuenting cell iine 293. Serial 
dilutions of the non-irradiated and irradiated, virus 
sanpl.es were prepared in DM EM plus 2% FCS. Parallel to 
'this, samples of 5 x lo c 293 cells were prepared (in a 2 
en well) in 2 00 ul. D>!EM plus 2% FCS. A 5 -1 aliquot of 
each' dilution vas placed in each yell . ' In' order to . ' 
allow, .the virus z c bind to the . cells/ incubation was 
carried out at. 37 # C. for one and; a half hours, then 2 nl 
of DMEM plus"lO. ? o FCS were placed in each well. 48 hours 
later the cultures ware examined . in order to determine 
the cytopathic effect.. The virus dilution above which 
less than 50% of the cells in the culture. show a 
significant cytopathic effect, after. sS hours indicates 
the relative ar.ount of. infectious virus in each virus 
preparation.. The results obtained are shown in Fig.llB . 
(open rectangles). The results of the tests carried out 
in this Exanple, show. the decrease of 4 logs. in the 
virus titer resulting from UV radiation. is associated 
with only a twenty fold reduction in the luciferase gene 
transfer.. This demonstrates that rcechanisns which are 
crucial, to the infectivity of the virus can be destroyed 
without affecting the ability of the virus to augr.ent 
gene transfer. 
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It was observed that at low' doses of the virus, the 
increase, in gene transfer caused by the virus fell 
^slightly (Fiq.ilA/. lanes. 3 to 6) and that this effect 
was more significant at the high doses (lanes 7 to 10) * 

b) Inactivation of Adenoviruses with Formaldehyde 

2 ial: of adenovirus preparation were passed over a 
10 nl G25 colunn (Pharmacia PD 10G # 25M) ., pre- 
equilibrated with 150 mM KaCl, 25 nM HEPES pH 7*9, 10% 
glycerol* and taken up in a volune of 2.5- nil Aliquots 
of r the gel-filtered virus 1 preparation were incubated 
, without 10) , with O.OU/ .0. 1% or 1% formaldehyde for 
20 hours on ice. ..7r.en-.Tris pK. 7.4 was added to give a 
concentration of 10.0 r^!> then the samples were dialyzed 
.first for 2> hours agai'nst' 1 liter of 150 n.M -NaCl , 50 nM 
;.Tri.s pH 7.4 and 50s glycerol and then overnight against 
. 2 x1 liter 150. rJ : : : ::>C1, 20 m.M KEPES pK 7.9 and 50% - 
glycerol- •' 

■ Aliquo'ts of -'the. virus vere "then "examined • for. their" - 
titer on 293 ceils ;C?E endpoint assay or plaque assay , 
Precious and Mussel, 1935). Then the effect of the 
foraaldehyde-treated viruses on gene transfer into He La 
cells (300, 000) vss determined as in the previous 
examples by measuring the lucif erase activity. . 90 ^1 of 
the virus preparation, resulted in a DN'A transfer 
corresponding to -ore than 10 3 . light units,' Treatment of 
the virus with o.ci-. or with 0 . 1% formaldehyde resulted 
in a slight reduction in gene transfer activity 
(approximately tenfold reduction at 0.1%). Although the 
treatment with \% formaldehyde causes a striking loss of . 
gene transfer activity, .90 \l\ of the virus was still 
abl£ to produce a gene expression corresponding to 10^ 
light units. . 

: In the treat- cot; with 0.1* formaldehyde/ a 
reduction in the v::u3 titer to 10 s ?FU (plaque forcing 
units) was coupled v:ith a decrease in the luc i f erase 
activity of only 101. Lie results of the test are shown 



in Fig! 12 A. 



\c) Inactivarion of Adenoviruses with long-wave UV + ; 8- 

methoxy psoralen, treatment 

Aliquots of purified virus were adjusted to 
' 0 ' 33 vMg/Ml 8-methoxy; psoralen (stock concentration ! 

•33 fiq/fil 8-methoxy psoralen dissolved in DMSO) and 
. exposed to; a .365 na UV light source (UVP model TL-33 ) , 
von ice, at .a distance of 4 cm from the. lamp filter.. . 

Exposure to the uv light was for 15-3 0 minutes, as . 

indicated in Figure 12 B. The virus samples were, then 

passed over a Sephadex G-2 5 column (Pharmacia, 

PD-10) equilibrated with HBS + 40% glycerol and stored 

at -70°C. ■.. 

Viral preparations were tested for either their 
acitivity in augmenting pCMVL/hTf pL conjugate delivery 
into HeLa cells (as evidenced by the resulting light 
units of lucif erase activity, right-hand axes Fig. 12B) 
or for the ability to replicate in 293 cells (viral . 
titer, . left-hand: axes Fig. 12B) . 



Examole ? 



Transfection of NIH3T3 cells with Moloney virus 

In this and the Examples which follow, illustrating 
the increase in the .internalization of transferrin- 
polylysine-DNA complexes by means of retroviruses, the 
following materials and methods were used, unless 
otherwise specified: 

Transferrin-polylysinel90 conjugates and conjugate- 
DNA complexes were prepared analogously to r.he preceding 
Examples with the difference that the complex forming ' 
reaction was carried out in a volume of 500 mI mM NaCl, 
20 mM HEPES pH 7.4. 

NIH3T3 cells were grown in DMEM medium with the 
addition of 10* FCS, 100 I.U./ml penicillin, 100 jug/ml 



streptomycin and 2 dm glutamine. For the transfeetions, 
5 to 7 x 10 5 cells per T25 flask were plated out IS to 24 
hours before transfection. : Immediately before 
transfection, the cells yera placed in fresh medium and 
the various components used for trans feet ion were added 
- in the following order: Chlbroquine {100 /aM, where 
stated) r : poly lysine- transferrin-DNA complex and 
retrovirus preparation. The cells were then incubated 
for 4 hours at 37>C, and the mediua was changed and the > 
ceils were harvested 24 hours later. Extracts were 
prepared using three freeze/thaw cycles; aliquo.ts of the 
extract, standardized for protein content/ were examined 
for lucif erase activity as stated in the preceding 
Examples. 

.Under the conditions specified.: trans feet ions of 10 6 
KIH3T3: cells .were .carried out with Tf pL-DN'A complexes in 
the presence of 100 ;iM. chloroquine or without 
chloroquine as. shown in Fig. 13. It was found that 
without chlorccuine. the values for the . luciferase 
activity reached only. a background level (lane 1), - 
whereas in the presence of chloroquine a high expression 
of the pRSVX reporter gene was measured (lane 2)* 
Increasing amounts of the Moloney leukaemia virus, which 
were added to the ceils at the sane tine as the DNA 
complexes, were able to increase the luciferase gene 
expression still further. {The amounts given in Fig, 13 
are nl.j 

Exanple 10 

Investigation into whether the gene transfer effect can 
be attributed to the retrovirus 

The virus preparation used in Example 9 was a 
crude, unf ract ionared supernatant of retrovirus 
expressing ceils. In order to obtain evidence that the 



Increase in the DMA transfer achieved with this virus 
preparation could actually; be ascribed to the virus, the 
supernatant was : subjected to the dialysis/concentration 
pbrif i<^tion described above, the retrovirus supernatant 
(Shown as RVS in the drawing) being concentrated by a < 
-factor 10 • If the retrovirus is responsible for the v;:^ 
increase , the activity r eta ined by the membrane-, apart 
from any inactivation of the extreinely unstable 
retrovirus during the concentration step> should be ■ 
approximately 10 times that of . the original supernatant* 
A^ in the previous Example, I0 6 NIH3T3 cells: were 
transf ected under the ^conditions given . in Fig ♦ 14 . Fig- . 
14 shows that the gene transfer; increasing- effect is 
present in the nenbrane. retentate (20 to 600 : ^1 were 
used, lanes 3 to 6) . . It was also found that 200 and : 
600 ^1 of the ten fold concentrated preparation are 
about half as active as ,2 or 6. pi of the original, ; 
unconcentrated retrovirus preparation (lanes 7 and S) . 
Parallel tests were carried out with human K562 cells 
-having "no receptor for the ecotropic nurine retrovirus- 
As expected v there was no increase in gene expression. 

Exanple 12 

Interactions between transferrin and its receptor play a 
;;role in the gene transfer effect of Moloney virus 

. In order to rule out the possibility that the 
transfer of TfpL/pRSVL complexes into the cells can be 
ascribed to non-specific binding of polylysine to the 
retrovirus, and in order to clarify the entry nechanism 
further, the retrovirus was examined for its ability to 
transport plasnid DMA, ccnplexed only with polylysine, 
into the cell. The quantity of polylysine used 
corresponds to the optimum amount determined earlier 
which brings about total condensation of the plasnid DM 
and is similar to the quantity of the polylysine used 



with the poly lysine-transferrin conjugate (Wagner 
et_aJU, 1991a) , The tests, the results of which are 
shown in Fig • 15 , demonstrated that the reporter gene, in 
the, absence of chloroguine, is not expressed either in 

;tJie^;fom of ,.jf pL-pRSVL complexes or in the fom;ofi^W;; 

JpKS^ cbnplexes {lanes 1 and 2) . In the presence of the 
retrovirus;/ on the other, hand f the reporter DNA applied 
as a TfpL complex was expressed , but not in the form of 
ptfDNA complex {see lanes 3 and 4 together with lanes 5 
and 6) Moreover, the tests carried out showed that the 
presence ; of exce$r, free transferrin resulted in the 
reduction in the DNA transfer facilitated by the 
retrovirus (lanes 7 and. 8), These results support the 
proposition that interactions between transferrin and 
its receptor: play an essential part in augmenting the 
•DNA uptake effected, by the retrovirus. 

Example 12 

Influence of pH on the gene transfer effect of 
retroviruses 

The experiments carried, out in this Example were 
performed in order to. examine the influence of the; 
pH on the ability of retroviruses to augnerit gene, 
transfer. The transfection experiments were carried out 
as in the preceding Examples. In order, to establish 
whether a lover pH value is essential for the gene 
transfer effect, the two well-characterised inhibitors 
of endosome pH reduction, monensin and ammonium 
chloride, were used. It was assumed that these two 
substances would affect gene transfer if the retrovirus 
requires the lower pH value of the endosome for the gene 
transfer. effect. If, on the other hand, other 
mechanisms come into play for this effect, namely direct 
fusion on the cytoplasm surface, as in the entry 
laechanism for HIV, these substances should either not 



have a negative effect and may even have an enhancing 
effect if they modify the route of the TfpL-DMA 
complexes. The experimental results shown in Fig. 16 
tend to support the latter hypothesis* The effect of 
both substances /on xxpL-DNA transfer was investigated 
ani bf the two , substances; can 

functional ly replace chloroquine. However, a slight 
increase in lucif erase gene expression was found at 
higher aanoniua chloride concentrations (lanes l to 5). 
The retrovirus alone shows the slight augmentation in 
DNA transfer as -observed in the previous Examples (lane 

■ 6) * A sharp inqrease was observed when the retrovirus 
was used in the presence: of 1 MM monensin (lane ?) . A 

; less: powerful ..effect was observed at a higher monensin 
concentration (lane 8) and in the presence of ammonium 
chloride (lanes 9 and 10). : 

Example 13 

Augmentation of the gene transfer achieved by . 
transferrin conjugates by means of the N-terminal . 
endospmolytic peptide of influenza hemagglutinin KA2 

a) ; Synthesis of the peptide 

The peptide of the sequence (SEQ ID K0:1) of the 

Gly-l^u-PherGlu-Ala-Ile-Ala-Gly-Phe-IlerGlu-Ash-Gly-Trp- 
Glu-Gly-Met-Ile-Asp-Gly-Gly-Gly-Cys was synthesized 
using the Fmoc (f luorenylnethoxycarbonyl) method 
: (Atherton et al., 1979), using an Applied 3iosystems 
431A peptide synthesizer.. The side chain . protecting 
groups were t-butyl for Cys, Glu and Asp. and trityl for 
Asn. After the coupling reaction, a ninhydrin test was 
carried out which showed a coupling level of > 9S% for 
each step. Beginning with amino acid 19, double 
couplings were carried out. The N-terminal Fmoc group 
vas removed from part of the peptide resin with 20% 
piperidine in NtfP (N-cethylpyrrolidone) . Then the Fiaoc- 



•protected and unprotected fractions were washed with DCM 
(dichloromethane) and dried under high vacuum. "The 
.yields; were 293 . 6 >g Fmoc-f ree peptide resin and : 
;366.5.mg of Fmoc-protected peptide resin., lll.i mg of 
the FBoc-free peptide resin was subjected to 
r triflu oroacetic acid cleaving .for. one an* half hours 
/.using, a fixture of 10 nl. TFA, 0.75 g of phenol/ 300 M i ' 
:of EDT (ethandithiol) , 250 >1 of Et-s-Me, . 
v ( ethylntethylsui fide) and 500 ^1 of water. : The peptide : 
-was filtered, fron the resin through a sintered glass 
v- f ilter - : ? h « resi r - was washed wi th . DCM - and added to, the ' 
•filtrate ... , The filtrate was, concentrated down to about 2 
: nl ; ahd- then added dropwise. with stirring to 4 0 ral ot ; ' v I 
..ether. The peptide depos it was removed by. centrifuging 
•and the ether supernatant was discarded. The 
precipitate was washed three tines, with 40 il of. ether 
.and- dried in. a high vacuum. = : The 53 ng of crude product 
obtained were dissolved in '3 .5 ml. of 'ZO tfl HH HCO , = 
^containing; 300;:. ^1 of ;25%,NH 3 /i: The solution 'was'gel- 
:.filtered usir.gy the'sair.e;buffer "on'.a pre-packaged 
Sephadex G-25 column (Pharmacia PD-10) . All . the 
oaterial was ; placed on a Mono Q column ( Pharmacia 
100; x 14 nn) (gradient: 0-10 rain 100% A, 10-100 nin 
.0-100%, B. A: 20 mM MH 4 HC0 3 + 300. ^1 NHj/1. B: A + 
: 3 M lJacr. : Measured at 280 na, ■Trp-fluorescence 
detection: a- 354 nr.. Flow rate 1 nl/nin) . The product 
: is eluted • wi th l I-* . KaCl:. The .main fraction of the Mono ' 
Q column, was further purified fay reverse phase HPLC '. 
using a BIORAD-Hi-Pore rp 304 column (250 x 10 nl) 
(gradient' 50 to 100% Buffer B in 12.5 nin, 12.5 to :' 
25 nin 1001. 3. A: 20 aM NH 4 HC0, + 300 ^1 NHj/l, B: A, in 
98% methanol. Flow rate: 3 ml/nin. Measured at 237 
xmy.. The product is eluted at 100% B. The product 
fractions were evaporated down in a Speedvac, re- 
dissolved in buffer A and finally lyophilized. The 
yield was 3.4 -g of the KPLC-purif ied. product in the 
cysteine-protected form. This peptide was designated 



P16. in order to obtain the peptide in the free . 
mercapto form, the t-butyl-protected substance was 
treated for 3 0 minutes :.at ambient temperature with 

acid/trifluoro _ 
laethanesulfonic-acid (2/1/40/3 ; trifluoromethanesulfonic 
.acid; was- added in the proportion-specified after the 

: other components) . The. peptide was isolated by ether ; 

- precipitation and" subsequent gel filtration (Sephadex' 
G-25.) using the above mentioned buffer A under an argon 

" .atmosphere.-". 

: b) : Co^iPling 6f the influenza peptide to polylysine ' 
bl). Direct binding via SPDP (Succinimidylpyridyl- 
dithiopropibnate) 

. ; : .19.8 mg of polylysine (pL) 300 hydrobromide (Sigma) 
; were gel-filtered on a Sephadex G-25 column (Pharmacia V 
PD-10) In sodium acetate pH 5 in order to eliminate the! 
.low molecular fractions, on the basis of the ninhydrin 
test, the: pL concentration after gel filtration was 
.3.16 rag/ml. The pH of the solution was adjusted to 7-8 
using 1 M NaOH. 0.64 M mol of SPDP (Pharmacia: 40 mM 
solution in absolute EtOH) were added to 2.5 ml of the V 
PL solution (7.9 mg p L = 0. 13 M mol) . This corresponds 
to a molar ratio of sPDP:pL of. 5:1. The mixture was 
left to react overnight and gel-filtered in 20 mM NH 4 HC0 3 
pH 8.2 on a G25 column. After reduction of one aliquot 
of the filtrate with DTT (dithiothreitol) the! 
measurement of thiopyridone showed that the reaction was 
complete. 0.3 mnol of pL-SPDP (based on nmol of PDP) in 
2.212 ml were left to react with 0.35 M mol of peptide in 
the thiol form.. A white precipitate which appeared, when 
the peptide and p l were mixed was dissolved by adjusting 
the solution to 2 M guanidinium hydrochloride, the 
reaction taking place overnight. Photometric 
measurement of thiopyridone in the reaction mixture 
again confirmed that the reaction was complete. The 
mixture was then dialyzed twice against 2 liters of 20 



mM REPES/0-5 K guanidiniun hydrochloride* The resulting 
solution was added ; to a Mono S . colunin 

CQ.7 x 6 cay Pharmacia) (gradient: : 0 to 20 min 100% A, 
20-140 nin 0-100% 5. A: 20 mM KEPES pH 7 ♦3/0. 5 M : 
guahidihiun hydrochloride/ B: 2 0 .".i.iaM . HE PES : jpH 7. 3/3 M 
gxiahidiniuia hydrochloride , 0.3 tal/minl ; Detection- at 280 
rua and fluorescence detection at 354 nm f excitation at 
280 nm) ; The' product fraction which was eluted withl.5 ; 
M guanidiniun hydrochloride was diaiyzed against 2 x 2 ; 
liters of KBS. Subsequent deteraihation : of: the pi, - 
concentration by the nihhydr in test showed; a 
concentration of about 1.14 mg/ial,: The quantity :of 
peptide xh the solution of the conjugate was calculated 
from its absorption at 280 : .im;\ s : ^is! :gayc--a.:iaolar ratio V 
of peptide :pL of 4:1- 

b2) Binding via. .a* polyethylenegiycol. linker 7. 

.14*6 ng of pL; 300 hydrobrbriide (Sigma) were gel - 
filtered as described in bl) . According ; to the 
ninhydrin test, , the pL concentration after. gel 
f iltration: was 4 .93 Bg/ml. 'The pH of the solution was. 
adjusted to 7-3 with" 1 M tfaOH. 4.33 finol SPDP 
{Pharoacia; 30 iaM solution "in absolute EtOH) were added , 
to 2.7 al of pi solution (13.3 ng pL = 0.22 jinol ) . This 
-corresponds to a nolar ratio of SPDP rpL.of 20:1. After 
: one and a half hours the reaction mixture was. gel 
^filtered on. a . Sephadex G-25 column in. 0. 1 M sodium , 
: acetate 3 M guanidiniu:a hydrochloride. After reduction 
of . one aliquot of the filtrate with DTT, thiopyridone 
was determined, indicating that the product fraction 
contained 3.62 ^nol of SPDP. The SPDP-nodif ied pL was 
reduced by adding 79 ng of DTT to the solution. After 2 
hours reduction the solution was again filtered on ; 
G-25 under the conditions specified. The thiol 
neasurer^enc using the Ellr.an test showed a thiol 
concentration of 3-15 pmol in 2.224 ml* 

17.6 ng = 5 psol P0E (Poiyoxyethyiene-bis { 6- 



aiainphexyl} , Sigma) were dissolved in 500 pi of 20 mM 
NaHCOj/3 H gua n id in iuia hydrochloride, pH 7-8, and reacted 
with 13.8 mq of EMCS . (e-rnaleiniidocaproic acid-H- 
hydroxysuccininide ester) (Sigma) (= 44,7 final), 
dissolved in 3 00 ^1 DMF (dimethylfornaiaide) - After 
30 lainutesy the solution was gel filtered on G-25 
(20 EM NaHCOj/3 K guanidihiusi hydrochloride). 
Photometric aeasurenent of the maleinido group at 
300 nia showed a concentration of 6.36 jimol of reacted 
EMCSv in 2 ml of solut ion . / " 

1. 39 /inol of the. peptide in thiol : f orm ( in 2 . 5 nl 
of 20 mM NaKC0j/3 K guanidiniuin hydrochloride) were added 
dropwise to 1.049 nl of this solution (corresponding to 
3.34 ^.sioi EMCS) while the mixture was intensively nixed 
with a vortex • in an argon current. : After 15 minutes no 
nore, f-reei thiol groups could be detected by the Ellman 
;test^::-;; : : ^ ' , 

The solution- of the reduced SPDP-r.od if ied pL was . 
adjusted/to % pH. of 7 - 8 by the addition of 1 M KaOH. 
1.373 nl of this solution were, added, to the above 
reaction mixture while intensive nixing was carried, out 
by means of. a Vortex. This gave a molar ratio of. 
peptide-SK:POE-EMCS.:pL-SH of 1:2.4:1-4 (based on EMCS 
and SH) * After 2.5 hours reaction/ no more free thiol 
groups could be detected by the Ellman test. The 
material was diaiyzed overnight against 2 liters of 
20 ntt KEPES pH 7.3/0.6 M UaCl and then added to a y.ono S 
column (gradient 0 to 20 nin 22% A, 20-150 min 
22-100% B.. A: 20 r. v . XZVZS pH 7.3, B: A + 3 M'NaCl. Flow 
rate 0,3 nl/min. UV-neasurement was carried out at .. 
280 nm and fluorescence measurement at 354 nm) . . The : 
product which was eluted with 1.5 to 1,6 M NaCl was 
dialyzed against 2 liters of HBS. The measurement of 
the pL concentration using the ninhydrin test and 
photometric determination of the peptide concentration 
at 2S0 nni yielded a calculated pL ratio of 12:1 at a pL 
concentration or" 0.49 mg/mi in a total volume of 



c) Lippsone preparation 
Using the rev nethod (reverse phase evaporation) 

liposomes were prepared (Szpka and Papahad j opqulos , 
1978 ; Straubinger and Papanad j opouios 1383): aqueous 
phase 10 nM HEPES pH 7.3; 100 nM calcein; 150 em Nad; 
organic phase: a solution of 300 ^nblx-e- lecithin (froa 
egg. Yol*.,:. chiefly, palraitoyloleoylphosphatidylcholine; 
>vanti Polar Lipids) in 260 nl of chloroform vas' : 
evaporated, down using a rotary evaporator . The material 
was. then dried in a high vacuus and the.-, dissolved, again 
in 3 nlV of diethylether . . l'nl of . the :aque.cus phase: was 
thoroughly washed with the ether phase us in? , a vortex 
and treated with ultrasound for 5 ninutes at O'C in a : 
spnicator {bath type) . After 30 minutes on ice, the, 
material was treated wkh ultrasound for a further 10 
.ninutes, The resulting stable emulsion was slowly 
evaporated down in a rotary evaporator. After the 
diethylether had been eliminated at 100 -b ? .r, .0.75 ml of 
the aqueous phase were.. added. . Res-idual : traces' of-, ether'. • 
were eliminated by further evaporation at 50 -bar. for 30 
ninutes- -The resulting emulsion (1.7 ml) was 
centrifuged at 500 rpm and. than extruded through a 
nucleopore polycarbonate membrane (0.1 <i^y , giving- a 
final yplune. of 0.7 ml liposome solution. The liposomes 
were separated fro- the r.on-incorporatcd .-.».- G rial by gel 
filtration ; {Se?hadox G-50 medium, Pharmacia; 2 3 a'l gel 
volume,. 10 n.M KEPES. pH- 7.3/150 aM KaCl) . Six fractions '. 
of 500 nl were collected.' Lipid phosphors was 
determined using - the' method of Bartlett, :059, at 2 nM. 

d) Liposome Leakage Assay 
The release of the liposome content (leakage) was. 

measured by' means of the emergence of the er.-rlcsed 
calcein and the resulting dilution which stops the 
quenching of fluorescence (Bondeson ct >::! . . 1934). The 



calcein fluorescence was measured with a Kont;on SMF 25 
spectral fluorometer. (excitation at 490 nm, -r-mj »sion at 
515 /rim)-.. For this purpose, 100 /il aliguots of the above 
/liposome solution were diluted 100 tines with 
0*1 M sodium acetate or 10, mM HEP.ES/ 150 ruM N'aCl buffer 
with the corresponding pH (4*3, 4.5, 5-0, 6.0, 7.3) in 
order t:o obtain a value of 1 ril, To these solutions 
were added 2.5 p$ of the. peptide (t-butyl-protected 
form; 1 pg//il solution in : KBS) in cuvettes, while mixing, 
with, a gentle stream of argon (final concentrat ion 400. . 
n>I peptide) The calcein fluorescence was measured at 
^different ti-es-after the addition of the peptide- The 
values for 100% leakage were determined by the addition 
of 2 >i Triton X-100 (Fluka) . 

■'. The ,sa~e -procedure was used to measure the . calcein 
: . :f luqrescence. after the addition of peptide-pL conjugates 
to the liposome "solution* 2.5 of the conjugate (1 
/ig/pl concentration, based on" the quantity of pi. alone) 
Were added to .1- mi .of Liposome solution (final 
concentration 20 nM modified peptide). Si-ilarly, 2.5 
pg of peptide-polylysine' conjugate *.:ere subjected to the 
leakage assay ' after incubation -with 5 yig DNA (15 
minutes)-. • 

It vas found" that the peptide only causes the,.-' 
.release of the. -liposome. .content in the acidic "range "' . 
(Fig. 17). The peptide conjugate was active at a 
■substantially lower pH, while even at a neutral pH a 
strong, activity was found which was further increased. as 
the pH vas levered. Conplexing* of the conjugate with 
DNA eliminated the activity at a neutral pH, whereas at 
an acidic pH there was a significant activity. 

e) Transf ection. of K562-cells 

K562-cel is were grown in suspension in RPMI 164 0 
medium (Gibco 3RL plus 2 g sodiu- bicarbonate/1) plus . 
10% FCS, 100 units pe- r.l penicillin, 100 ^g/nl 
streptomycin and 2 rJ-1 giutanine up to a density of 



500, 000\ cell's/ial, 12 to 20 hours before transfection 
the cells were placed in fresh nediun containing 50 jiK 
desf erricxanine (this measure was taken to . increase the 
nunber of transferrin receptors). On the day of 
transfection, the cells were collected, suspended in 
fresh iaediua contaiining 10% FCS plus 50: uM 
desf err ioxanine (250,000 cells per xal) and 2 nl portions 
were placed, in a dish with 24 wells. . 

6 pg of pCKVL-DNA in 160. ^1 HBS were nixed with the 
quantities of TfpLr conjugate specified in Fig. .18 or 
yith~pl>300 in 160 p.1 'H3S, then after 15 ninutes the 
specified ancunts of . influenza peptide-pL-conjugate 
(Pi6pL),were added and. after a further 15 ninutes the. : 
fixture . was added to the K.562 ceils. . The. ceils, were 
incubated : f or 24 hours at 37 *C and. then harvested for 
tjie lucif erase assay. The luciferase acti%'icy was 
redetermined as. specified in. the previous Exanples. . The 
values given in rig. IS represent, the zotai luciferase 
activity of ..the transfected cells. . 

f ) Transfection of He.La cells 

KeLa cells are cultivated in 6 cr. culture dishes, as 
described, under "Cells and. Media" . The transf ections. 
were carried out at a density of 300 , 000. cells per . 
plate. . Before transfection,. the : ceils were. incubated . 
with; 1 nil of fresh nediun containing 2% PCS.. . 

6 pg of pC:<VL-D.\'A ' in 160 pi KBS were nixed with the 
quantities of TfpL conjugate specified in Fie. ; 19or 
with pL300 or a nixture of both in 160 fsl KBS . After 15 
ninutes, the . specif ied anounts of influenza peptide-pL- 
conjugates (P16pL) were added and after a further 
15 ninutes the nixture was added to the cells. The. 
ceils were incubated for 2 hours at 37 *C, then 2.5 nl of 
fresh nediun were added with an additional 10% FCS . The 
cells were incubated for 24 hours at 37 * c and then 
harvested for the luciferase assay. The luciferase 
activity was determined as described in the preceding 



Examples i The values given in figure 19 represent the 
total lucif erase ' activity of the. transf ected . eel Is v 

Example 14 v 

Augmentation of the gene transfer achieved by 
/transferrin ' conjugates by means of a second; N- terminal 
■endosoiiolytie peptide of influenza hemagglutinin HA2 v 

a) v Preparation: of peptide-polylysine ; complexes 

The peptide of the. sequence (SEQ ID: NO : 2 ) ^Giv-T^Leu^ 
Phe-Gly-Ala-Ile^ 

^Met^ile~-Asp-Gly-Gly-Gly^Cys (designated P41) was 
^synthesized in the same : way as the pepticle described in 
vExakple 13 a) The coupling of the peptide to..;.':'-; 
Apoly lys ine ( pL3 00) was performed as in Example 13 bl) by: 
•binding via SPDP. Thereby conjugates with a molar rat ip; 
0f peptide :pL of 4:1 were obtained* 

&bf/ Transfection cf HeLa : cells with influenza peptide;. 

conjugates " 
, • - . HeLa cells were grown in 6 cm plates as specif ied 
/and transf ections were performed at a density of 300,000 
>: cells per plate v Before the transf ection, cells are : 
incubated with 1.5 ml of fresh medium containing 2%; FCSl 
6jLtg pCMVL-DNA in 160 >1 HBS (ISO mM Nad, 2 0 mM HE PES 
7.3) were, mixed with Bug of TfpL190B conjugate in 160 ul[ 
HBS, after 15 min lOjLtg influenza peptide-polylysine- . 
conjugate P41pL or, for comparison, IBuq of influenza 
peptide-polylysine-conjugate PlopL (see Example 13) were 
added (Fig- 20) ; the specified amounts of the two. 
peptide conjugates had been tested to be optimal amounts 
for the augmentation of the gene transfer. After 
further 15 min the mixture was added to the cells. 
After 24 hours the cells were harvested for Lhe 
lucif erase assay. Values as shown in Fig. 20A represent 
the total lucif erase activity of the transf ected cells. 
The comparison of the experiments with the two 



peptide conjugates ; shows a more than 3.5 fold higher \ 
/augmentation of the gene transfer obtained vith the 
-second peptide conjugate P4lpl#; : 

c) ; v Transfection bf BNL CL, 2 cells vith influenza 
• peptide conjugates . 

; BKL CL+2 eells were grown as described in Example 
: 61 Influenza peptide P41 Was conjugated with polyiysine 
/ 300 at a: molar . ratio of peptide to polyiysine of' : 1:1, 
;;3;1 and 8:1 Complexes 'of 6 /ig pCMVL DNA and 20 /xg: of 
the conjugates were padded to.:- the cells, . For comparison, 
20 /xg of pL300 or 20 ;:g of P16 polyiysine conjugate , : 
■ prepared as described, in Example 13, were used. The 
cells were incubated at 37 *C for 4 h r then 2 ral of . :•; 
aediuja containing 18. % FCS vas added. . After 24 h, the 
cells were harvested for the lucif erase assay r the : 
results of which *are shown in Fig. 20B. In the iiposoiae 
leakage assay (Fig .; 20C)v which was perforned -as. V 
described in. Fxanple 13/ the activity of the conjugates 
(at pH 5, . equivalent to 2. Spg polyiysine) increased with 
1 their content cf: peptide, (In the. figure, P41 is 
designated t ?influ2V) 

Example 15 "." 

Transfection qf HeLa ceils with a 5-galactosidase . . 
I reporter gene construct and in situ denonstrat.ion of 6- 
galactosidase expression 

a)' . Culturing and transfection of cells 

For the transfection, HeLa ceils were grown in DMEM 
aediun containing 5% FCS, penicillin, streptomycin arid 
glutaiaine; as described in the previous Examples, in 
3 C7a culture dishes on cover. slips (3 x !0 c cells per 
dish) . 

For the transfection, 6 jig of the 0-galactosidase 
reporter gene construct (pCifV-6-gal) in 160 ^1 of HBS 



■ 96 - 

were complexed with 12 of TfpL190B in 160 m! of HBS 
and incubated for 30 nihutes at aabient temperature* 

In another experiment, 6 ftg of pCMV-B-gal in 160 jxl 
of HBS were incubated with 6 #ig of TfpL190B in 80 ^1 of 
HBS for 15 minutes at ambient temperature. Then 12 jug 
of the influenza peptide conjugate (P16pL) prepared in 
Example 13 in BQ fil of HBS were added and the mixture 
was incubated for a further 15 minutes. ; These DNA- 
polycatiori complexes were then nixed with 1 nl of DMEM 
plus ?% FCS, antibiotics and glutamine, as described 
ai>ove r ; In order to demonstrate the effect of 
Chlproguine and adenovirus on the success of the 
vtrans feet ion, in additional experiments chloroquine was 
also added to the medium containing the DNA poly cation 
complexes/ in a final concentration of loo or 50 pi 
of the adenovirus strain solution d!312. 

For the ti;ansf ections* the original culture medium 
. was. removed from the cells and 1 ml of medium containing 
. the DNA complexes with or without chloroquine or virus 
was. added. After an. incubation period of 2 hours at 
37-c, 1 nl of DMEM containing 10% FCS, antibiotics and 
glutamine . was added to the cells and incubation was 
continued for a further. 2 hours. Then all the medium 
was removed and the cells were cultivated in 3 ml of 
fresh DMEM plus 10% FCS, antibiotics and glutamine. 

b) B-galactdsidase assav 

43 hours after transf ection, the medium was.'' 
removed,, the cells were washed once with phosphate- 
buffered saline solution (PBS) and fixed with 0.5% 
glutardialdehyde in PBS for 5 minutes at ambient 
temperature. Then the. fixative was discharged and the 
cells were washed once" with PBS . Then . incubation was 
carried out with the staining solution (1.0 mM phosphate 
buffer pH 7.0, 150 nl-1 NaCl, 1 m MgCl 2> 3.3 mM 
Kre(CU) 6 3H 2 o, 3.3 nM K 3 Fe{CN) 6 and 0- 2% 5-bromo-4-chloro- 
3-indolyl-S-galactopyranoside) at 37 "C ? or 



20 minutes to 3 hours (Lim and Chae, 1989) * Then the 
cover slips were rinsed in PBS, water and 96% ethanpl, 
dried and nounted in Hoviol on slides. A Zeiss Axiophot 
Microscope was used for analysis* 
^ Fig- 2i shows images of the ^microscopic 
magnifications (112 times) * A: HeLa cells trans fected 
with 6 ng pCMV-B-gal , coaplexed with 12 M9 TfpL190B. 
The staining reaction for B-galactbsidase was carried 
out; for 3 hours- The Figure shows that yery few cells 
(55; cells; a group of stained cells is indicated by an 
arrow) express the S-galactosidase gene. B: HeLa cells 
trans fected with 6 jig pCMV-5-gal, conplexed with 6 pg 
TfpL190B and 12 j*g Pi6pL. Staining reaction: 3 hours. 
Few cells (250 cells) express the B-galactosidase gene. 
However/ the reaction of the cells is stronger than in 
A. C: HeLa ceils transfected with 6 jig pCMV-B-gai, 
coiaplexed with 6 ipg TfpL190B and 12 /ig P16pL in the 
presence of 1G0 mK; of chloroquine. Staining reaction: 3 
hours. Numerous groups of ceils show a strongly 
positive reaction (nore than 1,000 cells), D: HeLa 
cells transfected with 6 m<3 pCKV-5-gal, corr.plexed. with 
12 jig TfpL19G3;in the presence of adenovirus d!312. 
Staining reaction: 20 min. Nearly ail the cells (nore 
than 9.0%) show a positive reaction. E: Ncn-trans fected 
HeLa cells (control for. the specificity, of the 6- 
galactosidase reaction) . Staining reaction: 3 hours. 

Example 16 

Transfection of HeLa cells with a 43 kb cosnid in the 
Presence of Adenovirus 

a) Preparation of a cosnid containing the lucxferase 
coding sequence 

A 3.0 kb Sail fragment, containing a single P. 
ovraXis luc if erase coding sequence under control of the 
RSV promoter, was isolated from the plasihid p220RSVLuca 
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and ligated into the unique Sail site of the cosmid 
clone Cl-7al to form conca tamers v (Cl-7al conprises a 
37 kb hiaiari genomic DNA Sau3A fragment (partial digest) , 
encoding no apparent genes, cloned into the BasiHI.site 
of the cosaid vector pwxs (Stratagene) ) . The ligation 
reaction product was then packaged in vit^o and an 
aliquot of the resulting phage particles infected into 
"• E- coli MNS44 and plated onto LB aiap plates. The 
recbnbinants were screened by colony hybridization, 
using the 3*0 kb Sail fragment {**P labelled by randoa 
pricing) as a hybridization probe, and a nunber of 
positives analyzed by restriction napping . A cosiaid 
construct (Cos Luc) containing a single copy of the Sail 
insert was grown and purified on a caesuim gradient 
(total size =48 kb) . ^ 

A snail, control cosraid pWELuc (12 kb) was prepared 
by digesting. CosLuc with Notl, religating, transforming 
bacteria and: isolating the appropriate plasnid^ This 
resulted in a. 12 kb DNA molecule lacking, the human DNA 
insert and part of the polylinker.of CosLuc. The 
plasnid pSp^eoLuc (8kb) is the plasrnid described in 
Example 5 which contains, an RSV-lucif erase gene fragment 
(an Apal/Pvul fragment of pRSVL, cloned into the Clal 
site of the p T JC^ Locus) . 

. b) Delivery of the cosmid into HeLa cells 

KeLa cells (3 x 10 4 cells, per 6 cm dish) covered 
with 1 ml DMEM -J- 2% FCS were incubated with TfpL/DNA 
complexes prepared as described in the Introduction to 
the Examples, containing the indicated quantities of 
hTfpL, free polylysine and DNA. Incubation fixtures 
included, in addition, either 100 chloroquine (lanes 
1 and 2) or 10 jii adenovirus dl3 12 containing 5 x 10 n 
particles per ol (lanes 3-12). After a 2 hour 
incubation at 37 *C, 4 ml of DMEM + 10% FCS was added to 
each dish; 24 hours later, cells were harvested and 
lucif erase activity was measured. Results are shown in 



Figi 22A- 



c) Delivery of the cosnid into Neuroblastoma cells 

Ceills of a neuroblastoma cell line designated GI~ 
KE-N (Donti et al. . :i 1988 ) { 1 x 10 6 cells per 6 cn dish) 
covered With 1 ml DHEH '+ 2% FCS were incubated with 
Xfpt/DKA coapiexes prepared as described herein, 

* containing the indicated quantities of hTfpL, free 
poly lysine and DNA. Cell incubation nixtures included, 

. in addition, : either 100 /iM chloroquine (lanes 3 and 4) 
or 10 jil adenovirus dl3 12 containing 5 x 10 11 particles 
per al, (lanes 5 and 6) * After a 2 hour incubation at 
37 •C, 4 nl of DMEM + 10% FCS was added to each dish; 24 
hours. later, cells were harvested and lucif erase 
activity was measured. Results are shown in Fig. 22B. 

Example • 17 • • ' 

Gene transfer by ceans of theiaically coupled adenovirus- 
poly lysine conjugates 

a) Preparation of adenovirus-poly lysine conjugates by 
chenical coupling 

.2.35 nl of a gel filtered (Sephadex G-25 ?D10, 
Phamacia) solution of adenovirus d!3 12 (approx. I0 n 
particles) in 150 nM NaCl/25 nM HEPES, pH 7.S/1C% 
glycerol was nixed with 10 Ml (10 nnol) of a l- re- 
solution of SPDP (Pharmacia). After 3,5 hours at 
anbient temperature the nodif ied virus was separated 
frora the excess reagent by gel filtration (as above)- 
The solution (2.5 d!) was purged with argon and allowed 
to react, under the exclusion of oxygen, under argon, 
with 42 Ml of a solution of FXTC-labelled polylysine 
{1 naol) , raodif ied with 2*2 nr*oi of nvercaptoprcpipnate 
groups (prepared as described in EP 388 753) „ After 
18 hours at an±>ient temperature half the solution was 
transferred into a centrifuge test-tube, carefully 
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: cover 3d with 1 ml of a cesium chloride solution (density 
1*33 g/ml) and centrifuged at ambient temperature for 2 
hours at 35000 rpm (SW60 rotor) / The virus band was 
collected as 200 /*1 cesium chloride fraction and diluted 
to 1 ml with HBS/5X>% glycerol. A DNA binding assay was 
carried out with 300 ul of the modified virus: the virus 
solution was diluted with 1 ml.HBS and mixed with 100 jrl 
of solution of a 35 S-labelled DNA (15 ng pRSVL, prepared 
by Nick translation) . As a control, the experiment was 
carried out in parallel with the same amount of 
unmodified virus d!312. After 30 minutes the samples 
were transferred into centrifuge tubes, carefully 
covered with l ml of a cesium chloride solution (density 
1.33 g/al) and centrifuged for 2 hours at 35000 rpm 
(SW60 rotor) at ambient temperature. The gradient was 
divided into 5 fractions; fraction 1, l ml; fraction 2, 
0*6 ml, fractions 3-5, 200 >1 each. The radioactivity 
of 200 /il portions of the fractions was measured and is 
shown in Fig. 23. The fractions which contain virus (3- 
5), especially fraction .3, show a significantly higher 
radioactivity than the control. This can be attributed 
to specific association of the polylysine-modif ied 
adenovirus with the labelled DNA. 

b) Transfection of K562 cells 

K562-cells (ATCC CCL 243) were grown in suspension 
in RPMI 1640 medium (Gibco BRL, plus 2 g sodium 
bicarbonate/ 1) plus 10% FCS, 100 units per ml 
penicillin, 100 pl/nl streptomycin and 2 mM glutamine) 
up to a density of 500,000 cells/ml. 12 to 20 hours 
before transfection the cells were placed in fresh 
medium containing 50 desferrioxamine (this measure 
was taken to increase the number of transferrin 
receptors) . on the day of transfection, the cells were 
collected, suspended in fresh medium containing 10% FCS 
plus 50 desferrioxamine (250,000 cells per ml) and 
2 ml portions were placed in a dish with 24 wells. 



The specified amounts of pCMVL-DNA (6, 0.6, 
0.06 fig) in 100 jrl of HBS were mixed with 50 jul of 
polylysine adenovirus (pLadeno) or corresponding amounts 
(35 pi) of control adenovirus d!312. After 
2d minutes, corresponding amounts (12 , 1.2, 0.12 jag) of 
TfpLlDOB conjugate in 150 m! of HBS were added. After a 
further 20 minutes the mixture was added to the K56£ 
cells! The cells were incubated for 24 hours at 37 *c 
and then harvested for the lucif erase assay. The 
lucif erase activity was determined as in the preceding 
Examples. The values given in Fig. 24 represent the 
total lucif erase activity of the trans fee ted cells. 

c) Transfection of HeLa cells 

One method of testing the activity of a polylysine- 
virus conjugate is by checking the conjugate for its 
ability to transport very small amounts of DNA (less 
than 0.1 pg) - An increased DNA transfer capacity was 
expected when the adenovirus is directly bound to the 
polylysine-condensed ONA, as the .internalizing factors 
(transferrin and adenovirus fiber protein) : are directly 
associated with the DNA which is to be transported. To 
test this assumption; a constant quantity of the: 
polylysine-adenovirus conjugate (2.5 ^1 about 5xl0 7 
virus particles) was complexed with different amounts 
(3 j*g to 0.0003 ^g) of reporter plasnid in 475 ^1 of . 
: K3S. After 15. minutes incubation at ambient temperature 
a quantity of transferrin-polylysine corresponding to 
the mass of DN'A was added to each sample (this quantity 
of TfpL : vas selected because it guarantees total 
"packaging" (electroneutrality) of 50% of the plasmid 
DNA and at the same time ensures binding space for the 
virus-polylysine conjugate. After the addition of TfpL 
the mixtures were incubated for 15 minutes, then each 
mixture was placed in a 6 cm culture dish containing 
300,000 KeLa cells in 1 ml of DKEM/2% FCS. Then the 
cells were incubated for 1.5 hours at 37*C, then 4 ml of 



DMEM/10%- FCS were added. In parallel, equivalent 
quantities of DNA were cbraplexed with a two-fold mass 
excess of TfpL (the quantity: for: total DNA condensation) 
and used for the gene transfer into HeLa cells (fcmce on 
its; own and once in the presence of 25 jil of thfe non- 
polylysine-coupled adenovirus dl3l2 preparation) After 
24 hours the cells were harvested, extracts were 
prepared and aliquots were examined for lucif erase 
activity* The results of these tests are shown in 
Fig. 25: in the absence -of ^adenovirus,; no lucif erase 
activity can be detected in a quantity of DNA; less than 
0.3 pq. '■ Both poiylyslne-cqupled and non-coupled... ; .; . 
adenovirus functioned well with large quantities of DNA 
(3 /ig and 0.3 >g) . However;; with the .non-coupled : 
adenovirus there was ^n • approximately 
100 fold- fall in . activity at 0 . 03 : /xg and negligible 
activity below this amount ;of .DNA. By' contrast the/-.' - 
polylysine^coupled ..virtis . retains: . its gene transfer 
capacity , both at <; 0.003 and at 0 , 0003 pg of DNA. This 
quantity, of DNA corresponds to. about 100 DNA nolecules 
per cell and about 1. virus particle ..per DNA nolecule.- 

Exanpie 18 

Gene transfer by neans of adenoviruses enzy^atically 
coupled to polylysine 

a) ; Enzyne reaction 

.. 2 nl of the adenovirus preparation (strain dl312; 
SxlO 10 PFU/nl) were applied to.a Sephadex G-25 gel 
filtration column (Pharmacia) equilibrated with 25 ml of 
reaction buffer (0.1 K Tris-HCl; pH 8.0 r 2 mM DTT> 30% 
glycerol). Elution was carried out with 3.5 nl of 
reaction buffer. The reaction mixture for enzymatic 
coupling consists of 1150 ^1 of the virus elution 
fraction, 0.5 nraol guinea-pig liver transglutaminase 
(TG) (Sigma) , 2 nmol or 20 nniol of Polylysine290 , 10 mil 
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CaCl 2 and reaction buffer in a final volume of 1500 nl. 
The reaction was carried out at 37 «c for 1 hour and then 
stopped by the addition of 30 H of 0.5M EDTA. In order 
to oonitor the specificity of the coupling, reaction 
aixtures were also prepared without transglutaminase. 
Non-incorporated polylysine was separated from the 
viruses by centrifuging in a CsCl-gradient (density 

containing the viruses was collected, aixed with an 
equal volune of glycerol, frozen in liquid nitrogen and 
stored at -70 *C. 

b) Demonstrating the binding of polylysine to 
■ adenoviruses 

The reaction was carried put as described above :. 
with polylysine which had been labelled with **I with 
Bolton-Hunter reagent (Amershaa) . After the CsCl- 
; -gradient centrif ugation toe virus fraction was drawn off 
and separated by means of another CsCl gradient. The 
gradient was then fractionated and the radioactivity in 
every fraction was detemined using a scintillation" 
counter. As shown in Fig. 25, it becane apparent that 
in the reaction mixture with TG (dl3l2/TG-pL) 
radioactive polylysine had accumulated in the'virus 
fraction (virus), m the control nixture without TG 
(dl312/pL) there was no accunulation of radioactive 
polylysine in the virus fraction. 

c) Testing the polylysine-ncdified adenovirus 
fractions for their effect on the. efficiency of 
trahsf ection 

i) Cells and media 

For the transfection, 5x10 s cells (murine 
hepatocytes; ATCC No.: TIB 73) in DKEM with 10% heat- 
inactivated fetal calf serum (FCS) , 2 mM glutaiaine, 
100 l.u./al penicillin and 100 fiq/nl of streptomycin 
were seeded in 6 ca culture dishes. 



ii) Tornation of the virus-DNA- transferrin 
" * complexes 

50 j*l of the poly ly sine-modified virus fraction 
were nixed with 6 of the DMA plasm id pCMVL in 10 /il 
HBS and incubated tor 20 minutes at ambient temperature.* 
Then „8 : jxg of murine transf errin-poly lysine29 OB {mTfpI^); : . 
were "added to the mixture and incubation was continued ■ 
for a further lo ninutes. 

iii) Transfection of the murine hepatocytes 

The virus-DKA-transferrin complexes werfe taixed with . 
1.5 ml of medium (DKEM with 2% FCS, 2 - mM glutamine and 
antibiotics) and added to the cells, after removal of 
the old medium. After 2 hours incubation at 37*C, 2 ml 
of DMEH with; 10% FCS/ glutaraine and antibiotics were 
added to the cells- After a further 2 hours cultivation 
;the entire medium was : removed and 4 ml of fresh DMEH 
with 10% FCS, glutamine and antibiotics were added to 
the' cells. 

iv) Determining the lucif erase expression 
24 hours after transfection the cells were 

harvested and the lucif erase assay was carried out as 
described above. 

As can be seen from Fig- 27, the virus 
preparation in which the adenoviruses had been treated 
with TG and 20 nmol of polylysine (d!312/TG-20 nmol pi*) 
shoved the strongest expression {153540000 light units). 
; The virus preparation with TG and 2 nmol of polylysine 
(d!312/TG-2 nmol pL) was somewhat less active (57880000 
light units) . The control fraction in which the 
adenoviruses were treated with 20 nmol of polylysine but 
with no TG was less effective by a factor of 500 
approximately. As a comparison , further complexes were 
used for transfection with the initial preparation of 
adenoviruses treated neither with TG nor with polylysine 
(d!312). This preparation yielded 4403000 light units. 
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d) Increasing the transfection efficiency by 

poiylysine-nodified adenoviruses compared with 
unmodified adenoviruses particularly with small 
•amounts of DNA • ■ 

f: Transfection was carried out as described in 
Example 3c) / using 50 pi of the adenovirus fraction 
d!312/TG-20 nnol pi, and 6 jig pCMV^-Luc/8 /jg laTfpL, 0.6 >g 
pCMVL (=pCMV-Luc) /0 . 8 mTfpL or 0.06 /ig pCMV- 
/Luc/6. 08 pq : BTfpL for cbmplexing. As a comparison, 
: transfections were also carried out with 6 ^g, 0.6 jig, 
0^06: jig pCKV-Luc/nTfpL complexes and uniaodified 
adenoviruses (dl3 12) • It was found that the complexes 
with .poXyiysine-nodified adenoviruses yielded high 
expression levels even with snail anounts of DNA, 
whereas expression was sharply reduced with unnodif ied 
.adenoviruses (Fig. 28). 

:' Ekanple 19 

•Gene transfer with conjugates in which the binding 
between- the adenovirus and polylysine is obtained by 
neans of a. biotin-streptavidin bridge 

a) . 3iotinylation of adenovirus d!312 

. 2.4 nl of a gel filtered (Sephadex G-25 PD10, 
Pharmacia) solution of adenovirus dl312 (about 10 11 
particles) in 150 cM NaCl/5 nM HEPES, pH 7.9/10% 
glycerol, was nixed with 10 pi (10 nnol) of a 1 ^ . 
solution of NKS-LC biotin (Pierce 21335) . After 
3 hours at anbient temperature the bictin-raodif ied virus 
was separated froa the excess reagent by gel filtration 
(as above). The solution was adjusted to a glycerol 
concentration of 40% by adding glycerol (total volume 
3.2 nl) and stored at -25'C. The biotinylation of the 
virus was demonstrated by qualitative detection after 



vacuum <^ryery blocking with BSA, incubating: with 
streptavidin^conjugated alkaline, phosphatase (BRL) , 
washing and incubating for 1 hour with the developing 
s ^ i ^ 1 T ion NBT/x-phosphate (nitro blue r tetrazoliuia Walt/5- 
bromo-^4^ , toluidine salt; 

Bo^fcrJ^ a positive color ' reaction was - r 

v rouiHi.' v ^ ••; " •' '"' • : ' ' : v 

b) ; Preparation of strepta 

' ' : ^^ e : P ou Pling of streptavidin to polylysine was; : 
ef f ected using ;^e; -aethbd described by Wagner et ai; . " 
199 0 > and in EP-A1 333 ; 7 53 • 

; '-,' : '::H : - 7 ^ r ^° 1 ( 4 * 7 of streptavidin in 1 nl of 200 nM- ' 

P**' ^v^;^ 00 ^.^- Naci w^re treated with a 15 ^.xoM- 
^ aT ?° llc Sdltltion of SPDP (236 nnolj . After 1.5 hoars 
;at ambient temperature the rcodified protein was gel 
fi ^ t ^ r ^ over a Sephadex G-25 column, thereby obtaining 
75 hnpl: of stxeptovldiri,; modified with 196 nmol of 

. dithibpyridine linker.; The modified protein was reacted 
under an argon atmosphere with 3^nercaptcprcpionate- • 
nodified polylysine (75 nnol, average chain length . 290 v 
lysine ncnosers , modified with 190 nnol - Eercapto- 
propionate linker), in 2 ; 6 nl of 100 klM. HE PES P H 7.9, 
150 nM KaCl. Conjugates were isolated by cation 
exchange chromatography on.. a Mono S HR5 column 
(Pharmacia) • (Gradient: 20 - 100% buffer B. Buffer A: 

.50 mM-KEPES pH 7.9; buffer 3; buffer A plus 3 M scdium 
chloride) • The- product fraction eluted at a salt 
concentration of between 1.2 M and 1,7 M:- Dialysis 
against HBS .(20 mM.HEPES pH 7.3, 150 mM NaCl) resulted 
in a conjugate consisting of 45 nmol of streptavidin and 
53 niaol of polylysine* 

c) Transfection of HeLa cells 

KeLa cells were grown in 6 cm culture dishes as 
described in Example 1. The transf ections were carried 
out at a density of 300,000 cells per plate. Before the 



trans feet ion the cells were incubated, with! xal of fresh 
nediua containing 2% FCS. 

6 of pOWL-DVA in 10.0 pi HBS were mixed with 
_0. r 8 pg Of streptavidin-polylysine in 170 pi of HBS. 
After 20 ninutes, 3 pg of polylysine pL300 in 170 pi of 
HBS were added ♦ After another 20 ninutes, 65 pi of 
biotinyla ted adenovirus or, as the control , 
corresponding - a-ounts o if adenovirus <I1312 (30 pi, 
starting virus for modification) 1; were added. The 
coaplex fixtures, ("biatinAdV/cp^plex A" or "control 
AdW, see rig. 29). were left to stand for a further 
20 minutes* •• • ' 

Alternative, cobplexing was carried out . by nixing 
65: pi of biotinylated adenovirus first with 0.8 pg of 
sttreptavidin-polylysine in .50 pi HBS . then. adding 6 pg of 
pC^/L-D>:A in 170 pi of HBS after 20 ninutes, and a 
further 20 riihutes. later adding 2 pi of polylysine pL300 
in 200 pi HBS. (Complex mixture f, biotinAdV/conplex B") . 

. 0.6" pg of pC:<YL-DNA in 67 pi HBS were nixed with ^ 
0.3 pg,of . str^rravidin-polylysine. in 33 pi of HBS . 
After 20 minutes, 55 pi of biotir.ylatod adenovirus or/ 
as the control, corresponding quantities of adenovirus 
d!312 (30 pi, starting virus for modification) were 
added. . The. complex fixtures ("biot inAdV/cphplex A" or 
"control Ad.vy see Fig. 29) were left to stand for a 
further 20 nirutes and tn^*» diluted to 500 pi with HBS*. 
Alternative, cc-plc-xino .. err; ^d . out by nsixing ■ 65! pi 
of bibtinylated adenovirus f iric with 0.3.pg of 
streptavidin-polyiysine in 50 pi of HBS and after 
20 minutes' adding 0-6 pg of pCKVL-DNA in 50 pi HBS. The 
complex fixture ( "biotinAdV/conplex B" ) was left to 
stand for a further 20 ninutes and then diluted with H3S 
to 500. pi. 

The mixtures were added to the cells, the cells 
were incubated for 2 hours at 37 "C, then 2.5 ml of fresh 
. nediura containing 10% added FCS were added. The cells 
were incubated for 24 hours at 37 *c and then harvested 



; for Che luciferase assay. The lucirerase activity was 
deterr-.ir.ed as described in the preceding Exanples. The 
■values given in Fig- 29 represent the total lucif erase 
:aotivity: of the trans fected cells. 

.. In parallel, transfections of HeLu cells were 
> ^"^ e <* Using as the virus coaponent of the 
conjugate a biotinylated vims which had been 
inactivated by: psoralen/UV-treataent, Inactivation. was. 
{carried but as follows: 200 Ml batches of biotinylated * 
^virus preparation were placed in two wells of a 1.6 cn 
tissue culture, plate. . 2 ^1 (33 jag/cl) of s- : 
^ethbxypscralen- (in fMSO). were added to each sabple, the 
dish was placed: en ice and irradiated for. lo.ninutes . - 
With e UV larp (-65 ; Inn-;' UVP TL-33 la= P) with the sample 
being 4 frca the filter. .After the. irradiation- the- 
two samples were ccnbined and gel filtered (G5n, ;j ick 
:colu?n ; ; ?har=ag;a; i; - tha- icdluan having previously- been T 
equilibrated with 4 0* glycerol in H3S. y Aliquots cf 
,75.4 yere,ccrp:e«d with; O.S^g of streptavidin- 
.pdly^ysir.evar.d used for the transaction of HeLa cells 
as .describe:: above. 

3y cytcpathic er.d point assay it was established 
that the virus -titer was reduced by a factor of nore 
than 1Q- by the innervation; whereas the -transfer 
capacity was-, recced by less than 505 at •: high. - 
concentrations ar.d by a factor of 5 at low 
concentrations . 

d) Transfection cf K562 cells 

K562 cells, were grown in suspension in P.PMI 1640 
nediun (Gibco 3RL, plus 2 g sodiuni bicarbonate per 
1 liter) plus 10% FCS, 100 units/ml penicillin, . 
100 M9/al streptomycin and 2 -jnM glutar.inc- reaching a 
density of 500,000 cells/ral. At 16 hour; before " . 
•transfection. th* calls were placed in -fresh r.ediun 
containing : so desferrioxaaine (Signsa) . The norning. 
of the transfection, the cells were collected, 



resuspended in fresh nediun containing 10% fetal calf 
sema. plus. 50 jaM desferrioxanine at 250,000 cells per 
tsi r and placed in a '-24 -well- dish- 2 nl per well. 

Three different types of ;DKA conplexes were 
prepared: a) A solution of 6#g pci-fVL-DNA in 16 o pi KBS . 
(150 oM NaCl HEPES 7.3) was nixed with 12/ig of 

TfpL190B conjugate in 160 pi HBS, after 30 nin 20 pi of 
adenovirus d!3 12 was added anc. the nixture was added to 
the cells, b) A solution of BOO rig streptavidiri- 
poly lysine in 160^1 HBS was nixed with 20jul of 
biotinylated adenovirus, prepared as described in a) > 
after 30 nin a solution of 6jig pCMVL-DNA in 16C pi KBS . 
was added, and after further 30 nin the solution was : 
; Eixed with 10pg Tfptl908^ conjugate in 160 jil HBS. After 
. 30 nin the nixture was- added to *-he cells. 

c) The DN'A ccsplexes were prepared analogously to b) 
" with the difference that instead of TfpL190B conjugate a 
solution of 3.5pg poly { L) lysine p(Lys) 290 was added. 
The cells were incubated at 37 *C for 24 hours and then 
harvested for the lucif erase assay. Values as shown in 
Fig- 30 represent the total lucif erase activity of the 
trarisfected cells. 

■ Example 2a; •. 

Gene transfer into Prinary Bone Marrow Ceils 

a) Isolation of Bone Marrow Cells 

Primary bone narrow cells were harvested from nice, 
by flushing culture nediun { IK DM containing 10£ FCS, 
5xl0" 5 M 6-rrercaptoethanol, 1% IL-3 . conditioned nediun and \ 
antibiotics) with an injection needle (0.4nn or O.Snn in . 
dianeter) attached to a 1 nl syringe through the 
isolated fenura and tibiae* The cells were then washed 
once in culture nediun by centrif ugation at lOOxg for 8 
nin. Thereafter the cells were* resuspended at a 
concentration of 10 7 cells/nl and seeded into T25 culture 



flasks* After 4 h the non-attached cells were 
transferred into a new T25 culture flask and cultured 
overnight; in the presence of SOpM desf errioxanine. 

b) Formation of adenovirus-transferrin^polylysine^DNA 
(complexes \ • *. • ' • 

For fornation of conplexes 50^.1 of biotinylated 
adenovirus were incubated with 400ng of streptavidin- 
nodif ied poly lysine in 20/il HBS for 20 nin. Then 20ul 
of HBS containing 6pg pCMVL were added. After an 
incubation period of 20 nin 7 ^g of r.ouse transferrin- 
polylysine conjugate (niTfpL) in 160/il HBS were added and 
the whole nixture was incubated for further 20 nin. 

c) . Trans feet ion • 

For transf ect;ion the bone narrow cells were 
; recovered fron the culture nediun by centrifugation at 
lOOxg for 8 nin. The cell pellet was resuspended in 3nl 
of culture nedi.un containing 2%FCS and 250^1 of the 
adenoyirus-DNA-transferrin complexes, and cultured in a 
new T25 flask for 3h at 37 *C Then 2-1 and after a 
period of 2h a furxher 6nl of culture r.ediun containing. . 
10% FCS were added i 

d) : Determination of luciferase expression 

The cells were harvested : 48h after transfection and 
analyzed for expression of lucif erase as described in 
the other Examples. The transfection led to an 
expression of lucif erase activity corresponding to 
310X10 3 lighc units/lO0Mg total cell protein. 

Example 21 

Transfection of Neuroblastoma cells with a 43 kb cosnid 
in the presence of free adenovirus and adenovirus- 
poly lysine conjugates 
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Cells of a cell line designated GI-ME-N were 
trans fected, as described in Example 16, with the 48 kb 
cosmid, with the specified quantities of hTfpL, free pi, 
and bNA: VThie incubation mixtures included , in addition; 
either; 100 /xM chloroquihe (lanes 3 and 4) or 10 jil 
adenovirus dl312 ; containing 5 x 10 11 particles per ml, 
(lanes 5 and 6) . The last two samples (lanes 7 and 8, 
StpL/BiPtin) contained 15 ^1 biotinylated adenovirus 
dl312 (1 x 10 n particles) incubated with streptavidin- 
poly lysine (0.8 ^g prepared as in Example 19) for 30 
minutes in 150 ftl KBS. 6 /ig DNA in 150 pi HBS was then 
added to the sample for 30 minutes at room tenperature, 
followed by 150 pi HBS containing 6 :pg hTfpL + 1 jig free 

;'.pL.' After a. further. 30 minutes room temperature 
incubation the mixture was added to the cells. After a 
2 hour incubation at 37*C, 4 ml of DM EM + 10 I FCS was 

: added to each dishw 24 hours later cells were harvested 
and luciferase activity was measured. Results are shown 

' in Fig. ...31. • 

. Example 22 

.Gene transfer to primary airway epithelial cells 

Initial studies into genetic correction of cystic 
fibrosis demonstrated that immortalized cell. lines 
derived f rors human airway epithelium exhibited 
susceptibility to this, gene transfer method. To exclude 
the possibility that this phenomenon was the result of 
immortalization-induced alterations of the airway 
epithelium, transferrin-polylysine molecular conjugates, 
were also evaluated in human primary respiratory 
epithelium cells (lAE). 

lAE cells were obtained from nasal polyp specimens 
of patients as described by Yankaskas, J>R. et a l . . 
1937. The tissues are rinsed in sterile saline, then in 
Joklik's Minimum Essential Medium (MEM) plus antibiotics 
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: (penicillin 50 U/ial , streptomycin 5p jig/ml , gentamicin 
5° ^g/nl) and transported to the laboratory at 
Cartilage and excess submucosal tissue are dissected 
free, and the epithelial sheets are incubated in 
protease solution (Sigma, type 14, o.l mg/dl) in w^M at 

*C tor 16 to 48 hours (Wu, R, 1985) - 10% FBS {fetal 
bovine serum is added to neutralise the protease, and 
cells detached by gentle agitation. The resulting 
suspension is filtered through 10 an nylon mesh to 
reiaove debris ^ pelleted (150 x g, 5 nin) and washed in 
F12 + 10% FBS. 

The cells were then treated with transferrin- 
poly lysine conjugates (hTfpL) containing a lucif erase 
encoding ;-i>iasnid- {pS^VLj'-as, a .reporter gene.-' In this 
i analysis^ the primary cells did not exhibit the 
susceptibility to these compl exes exhibited by the 
corresponding innortalized cell lines (background = 429 
light units; with the addition of conjugates: 543 light 
units) likely indicating a . relative paucity of 
transferrin receptors on .1AE. . . 

To exploit an alternative target receptor on the 
cells , biotinylated adenoviruses were used (cf Exanple 
.19) ., The cells, treated with this conjugate exhibited 
levels of expression significantly greater than 
background (2535753 ± 453585 light units). In addition, 
primary airway epithelial cells derived fron other 
species also exhibited a high level of susceptibility to 
gene transfer by this route (mouse = 3230244+ 343153; 
monkey =53493330 ± 869431 light units). . 

Example 23 

Gene transfer to hepatocytes and blood cells 

. In the experiments of this Ixanple, the following 
materials and methods were used: 



Trans feet ion of tissue culture cells; 

Cells of the cell line BKL CL.2 were grown as 
described in Exanple 6* HeLa cells and hepatocytes were 
grown in 6 cat petri dishes. Transf ection was carried 
out at a cell density of approximately 3 x 10 s cells per 
dish. Prior to trans feet ion, 1 al of fresh iriediuia 
containing 2% FCS replaced the standard culture nediuau 

Formation of binary- complexes: 

Bibtinylated adenoviruses (approx. 10 9 PFUs; see 
ExaTsple 19 a) and 19 b> ) were reacted with 800 ng 
streptavidinylated poly lysine in 50 pi HBS. After 
30 nin at roon tesperature, 6 jig pCMVL-DNA in 170 pi HBS 
were added, incubated for 30 nin and then 3 pg pL300 in 
, 200 til HBS was added and after further 30 ran the 
solution was used for trans feet ion ; experiments , 

Formation of Ternary complexes: 

Biotinylared ader.cvi ruses (approx. 10* PFUs) were 
r.ixed with 300 ng screptavidinylated polylysine in 50 jil 
H3S. After 20 sin at rooiv temperature the solution was 
nixed with 6 plasrad DMA in 170 nl HSS, incubated for 
30 nin, then 10 TfpL 1903 in 200 pi KBS was added and 
after further 30 nin the solution was used for 
transfection experiments. 

d) B-galactosidase assay 

.'BiXL CL.2 cells wore seeded on to cover clips and 24 
h later the cells were transfected with the pCMV-B gal 
(Lin and Chae, 1939) reporter piasnid. 48 h later, the 
B-galactosidase assay was carried out as in Example 15 . 

a) Linkage betveen DN 7 A condensates and adenovirus 
greatly enhances lucif erase reporter gene expression: 

The effects of the transfer of DMA into hepatocytes 
by zeins of binary and ternary DMA complexes is shown in 
Fig. 3?: the gene transfer efficiency is augmented in 



the presence of free adenovirus. The slots 
pLAdenoV/Tpf L show the results of transfection with 
Adenovirus which has been conjugated with polylysine by 
fiieauis of transglutaminase and then reacted with DNA 
neutralizing part of the negative charges of the DNA. 
Later, transf errin-polylysine has been added 
: neutralizing the renainder of the charges. In this way, 
a ternary Gosplex: of adenovirus-poly lysine/ trans ferrin- 
poiylysine/DKA was synthesized. As can be seen, an 
extraordinarily high value of 1.5 x 10 9 light units was 
obtained (or appro* ^ 5000 light units per cell) . In 
slot adenoV + pL + TfpL r - adenovirus and polylysine were 
nixed as if or the transglutaminase treatment. However, 
to demonstrate the specif icity of the transglutaminase 
Wdiatec binding of polylysine to the virus, the enzyme 
was omitted. Then the virus preparation was cpmp.lexed 
to the same a -cunt of DMA and TfpL.as in pLAdenoV/Tf pL. 
In this case , the transfection was moderate as in AdenoV 
+ TfpL because in both experiments co-localization of 
Virus and transferrin DNA is a stochastic process, in 
■contrast to the experinent shown in slot pLAdenov/TfpL 
where- co^internalization by the linkage of virus and DNA 
in the ternary complex yield a high level of 
transf errinfection (transfection with transf errin). 

b) Transfection of K562 cells reveals the 
er.dosomolytic properties of adenovirus. 

The human erythroleukemic ceil line K552 contains 
ca- 150,000 transferrin receptors (Klausner et al. ,, 
19S3b) - In the presence of chlo.roquine, these cells can 
be transf ected at very, high levels with Tf pL/reporter 
. DNA complexes even in the absence of adenovirus (TfpL, 
Figure 33) as shovn by Gotten et al . , 1990. The same 
complexes vith added free adenovirus, but in the absence 
of chlorcquine, yield relatively poor levels of reporter, 
gene expression (AdenoV/Tf pL) presumably because K562 
cells like other blood cells (Silver et al., 1933; 
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Horvath, et al. . 1938) have low levels of adenovirus 
receptors- = When the adenovirus is linked to polylysine . . 
via a biotin/streptavidih bridge and the reporter DNA is 
fully condensed by addition of more polylysine to 
;eomp:^ complex (pIAdenoV/pL) , adenovirus 

supported transfection reaches intermediate levels, 
presumably /because the few adenovirus receptors on K562 
;. cells, are; used efficiently. If however the complexes 
adenovirus-polylysine^DNA is fully condensed and 
neutralized by addition of polylysihe-transf errin to 
form a ternary complex (pLAdenoV/Tf pL) and the numerous 
cellular ^ transferrin; receptors come into play, the 
transfection efficiency/ owing to both efficient 
transferrin binding^ and to the endosonolytic properties 
of the virus, is Increased by at least another two. 
orders of nagnitudes (Figure 33). 

c) Ternary DN'A complexes lead to the expression of the 
reporter gene in almost. 100% of hepatocytes. .. 

To test the efficacy; of the transport system in: 
inouse hepatocytes' ( BNL CL. 2 ) , the. cells were trans fected 
with the B-galactosidase reporter gene. Figure 34 shows 
the 6-galactosidase assay after a) trans f err infection in 
the presence of chloroquine; b) transferrinfection in 
the presence of free dl312 adenovirus and c) 
transfection with ternary, (dl312) adenovirus- 
polylysine-transf err in-DNA complexes. In the absence of 
adenovirus, after standard transferrinfection of the 
reporter DNA, only few cells express the reporter gene. 
The; percentage of transfection is less than 0.1%. When 
chloroquine is included the percentage is increased to 
about 0.2% (Figure 34A) . With free adenovirus about 
5 - 10% of the cells express the reporter gene (Figure 
34B) while the ternary complexes with transglutaminase 
modified virus lead to expression in most, if not all, 
cells (Figure 34C) • Because the ternary complexes can 
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be used at high dilution, the toxic effect seen with 
high doses of free (inactivated) adenovirus does not 
usually arise. But it should be noted that where 
ternary conplexes are deployed at high concentration in 
order to ^ch ZOO* of the tissue culture cells, a 
siiaiiai toxic erf feet becomes noticeable. The toxic 
effects nay be caused by residual viral gene activity, 
tba endosoaoiytic properties of the added virus or is 
sinply a consequence of the very high level of 
expression of the transfected gene. 

d) Expression of a transfected reporter gene is 
transient but lasts Tor weeks in non-dividing 
hepatocytes. 

Ternary transport complexes (pLAdenov/TfpL) were 
r.ade with pbiylysine-adenovirus and codif ied adenovirus 
further Inactivated by reacting the virus with psoralen. 
A 2/3 confluent hepatocyte cell culture was transfected 
as in Figure 343 with the lucif erase reporter gene 
plasziid. C:<VL and lucif erase activity was dere rained at 
different tine points. As can be seen frcn Figure 35, 
lucif erase activity was naxinal after 3 days at which 
tine the hepatocyte cell culture became confluent and 
the cells stopped dividing. Expression of the reporter 
gene persisted in the non-dividing cell culture without 
applying selection for the maintenance of the gene and 
lasted for at least 6 weeks, especially when psoralen 
inactivated adenovirus was used for the formation of the 
ternary complexes. 

Exasple 24 

The Use of the Chicken Adenovirus CEL0 to Aucnent DNA 
Delivery to Kusan Cells 

In this ewaaple, the chicken adenovirus CELG was 
tested for its ability to augment DNA delivery into 



huiaan HeLa cells in a fashion analogous to the abbve 
experiments employing the .hunari adenovirus Type 5» 

, . The chicken adenovirus CELO (Phelps strain, 
serotype FAV-i, 7, chicken kidney cell passage) was used 
in /these experiments . The virus (2 nl) was passed 
through a PD-10 gel filtration colujan equilibrated with 
20 s3* HEPES pH 7*3/ 150 nM NaCl, (HBS) + 10% glycerol 
and 2 al of the eluent was reacted, with 20: jil i r&i l?HS- 
I*C-biotin (Pierce) for 3 hours at roon tenperature. The 
biotinylated virus was subsequently dialyzed against 3 x 
3 00 nl of KBS + 4C % glycerol at 4 'C and subsequently 
st pred i n aliquots at -7 0 * C. ; 

HeLa cells {5 x 10 s cells per 6 en dish) were 
incubated in- 2 nl of DMHM 2% FCS with 6 ^g of the 
plasoid pCHVT ccsplexeci vith polylysine (pLys) or 
transferrin-polylysini; (TfpL) nixtures in 500 ^1 H3S 
(the complexes -ere pre-incubated for 30 ntinutes at roca 
tenperature) • The sarples vere then added : to the cells 
in the presence of the quantity of virus indicated in 
Figure 3.6. Kith the samples containing biotinylated 
■CSLO virus, the indicated quantity of virus was 
; preincubated with the indicated quantity, of . 
streptavidin-polylysine (StrpL) in 200 til H3S for 
30 s inut.es. at rooa tenperature before adding. 6 of the 
placnid pCMVL in 100 ^1 HBS . After a 30 r.inute rcon 
temperature incubation, the indicated quantity of TfpL 
material -as added to the cells at 37*C. Two hours 
later, 5 nl of DHEM » 10?; FCS was added to the cells and 
2-; hours later the eel ic vere harvested and processed 
for luc if erase assay. 

As shown in Figure 36, the CELO virus in free form 
augmented DNA delivery into HeLa cells (lanes 
.1-6), However, when the CELO virus was modified with 
biotin and included ir. a conplex with streptavidi n , 
either with or without additional trans f err in-poly lysine 
the virus was found to aucpent DMA delivery at a level 
that is comparable to that achieved with the huraan 



adenovirus dl3l2. The particular line of HeLa cells 
displays a high binding capacity for polylysine/DNA 
complexes in the absence of transferrin (compare the 
lucif erase activity of samples 1 and 4 in Figure 36) . 
Thus* : the inclusion of the CELO virus in a poly lysine 
DNA complex is sufficient to trigger uptake of ; the :y 
virus • 

.Example. 25 

Trans feet ion of myoblasts 

a) Transfection of myoblasts and myotubes with 
DNA/transferrin-pblylysine complexes in the 
: presence of free adenovirus and in the presence of 
biotin/streptavidin^coupled adenovirus 

C2C12 myoblasts ( Blau et al. , 19c5; ATCC No, : CRL 
1772) and G3 myoblasts (ATCC No. : CRI* 1456) were grown 
in high glucose DMEM plus 10% FCS. Myoblast cultures 
were trans fee ted at subconfluence with ca* 5 x 10 s cells 
per 6 ca dish. Myotube cultures were prepared by 
plating myoblasts in 6 cm dishes (ca. 5 x 10 5 cells per 
dish) and changing the medium to high glucose DMEM plus 
2% horse serum when the cells reach confluence (3arr and 
Leiden, 1991 ; Dhawan et al., 1991). Myotube 
transfections vere performed 5-7 days iater. The 
transfection complexes were prepared as described in 
Example 19 using the indicated quantities of TfpL, StrpL 
and biotinylated adenovirus dl3l2. The cells were 
harvested 20 hours post-transfection and processed for 
lucif erase activity measurement. Fig. 37 indicates the 
resulting luciferase activity for the entire cell 
sample. Both myoblast and myotube cultures could be 
transfected with high efficiency. Upon differentiation 
to myotubes there was less than one log decrease in 
transfection efficiencies (C2C12) or no significant 



■decrease ((28). The participation in myotube formation 
occurred at a lower frequency with the G8 cell line 
which may partly account, for the lack of a detectable 
decrease In efficiehces in the differentiated culture* 
The role of the transf errin/transferrin receptor 
interaction in the DNA delivery to this type of cell vas 
not major. In all four cell preparations there was only 
weak delivery, of DNA using TfpT,/DNA complexes in the 
presence of free adenovirus dl 3 12 (lanes 1,4,7,10). 
Transfection efficiencies were .enhanced using the 
coupled virus ..system . ( lanes 2 , 3 , 5, 6,8,9 , 11 , 12) . There 
--.;s a less than 1 log increase in efficiencies comparing 
the gene transfer obtained with conibination complexes 
containing only virus arid polylysine/StrpL to the 
results- obtained with complexes which include 
transferrin-poXylysir.e (compare, for example/ lane 2, no 
transferrin, wit^i lane 3, transferrin) . The poor 
transfection with free virus and the high transfection 
with coupled virus complexes either in the presence or. 
absence of transf errin-polylysine - suggest that the 
adenovirus serves as the ligand in these cells and in 
the absence of coupling, the f ree virus may enter cells 
but the Tf pL/DJIA complex does not enter productively. 
(The DMA used in this Example . was pCKVL, designated 
pCluc in the Figure.) 

b) Histochenical analysis of transfection frequencies 
in nyotubes 

C2C12 nyotube cultures (5x10* cells, as nyoblasts, 
seeded. per 6 cn dish and differentiated into nyotubes) 
were prepared as described in a) . with the free virus 
samples, pCMV5-gal DNA (6pg) was conplexed with 8 pg 
TfpL in 500 pi HBS and supplied to the cells in the 
presence of 13 pi of adenovirus dl312 (IxlO 12 virus per 
nl). in 2 nl of DMEM/2% FCS. Coupled virus samples were 
prepared with pC?*VLacZ DNA (6pg) conplexed with 7pg TfpL 
and 800 ng of StrpL, plus 18 pi of biotinylated 



adenovirus dl3I2 (IxlO 12 virus per ni) in 500 pi HBS and 
^supplied to cells in 2 . ml of -DMEM/2% PCS. After, a 24 
hour incubation cells were stained for £-galactosidase. 
activity, as described in Example 15. 

. The £-rgalactosidase staining patterns were 
consistent wi^th the results of trahsfections using 
luciferase as the reporter gene {see a). Very low gene 
expression was obtained in nyorube cultures using the 
; free virus while coupling ..the virus and .DMA result in 
high level gene expression. The presence of bluer- 
stained, r*ulti-hucieated tubules indicated the 
successful transfer of a gene to these differentiated 
cells in the presence of free adenovirus. 

c) : Deliver\' of DN'A to mouse prir.ary nyoblast and 

nyctube cultures". 
The najcr skeletal nuscles frcr: both hind legs of a 4 ." 
week:-oid r-ale- C5731/6 recuse were." sterilely isolated into 
P3S and winced into approxi-ately S rjri pieces. The 
tissue was suspended in 2.0 r.l of\?5S* f " allowed to settle 
for ca. 2 minutes and the- supernatant was aspirated. 
This washing was repeated 3 ti^c-s. The tissue was then 
nixed- with .3.5. si "of PBS plus 6.5 al. of trypsin/EDTA,. 
0.5 nl of .1* (w/v) coiiagenase (type 2; Signa) , and 0.5 
ni of 1* BSA .(fraction. V, in -y. Ca'Cl 2 ) and allowed to 
incubate at 37 *C for 30 minutes with freque.it, centle 
agitation.. At the end of the 30 ninute incubation the 
regaining tissue was allowed to settle, and the 
supernatant was removed and nixed with 5 ni of QMHM +20V 
FCS^ The incubation with protease was repeated 3-4 
tines until the tissue was completely dispersed. The 
cell suspension was then passed through a cell sieve 
(Falcon) to remove any aggregates and tissue fragments, 
and centrifuged at 500g for 15 ninutos. The cell pellet 
was resuspended in 10 nl of D:<£Kr20*FCS and the 
fibroblasts were removed by plating the cells on a 
15 err. diameter, uncoated tissue culture dish for 



60 minutes. The unattached cells were then carefully 
renewed -and plated .on five laiainin-coated, lb err tissue 
culture dishes with 15 nl of DMEM,+2Q%FCS per dish. Upon; 
reaching confluence (approximately one week later) the 
cells w ®re trypsihized and replated on laainin-coated, 6 
cm dishes, appr ox inately lx 10^ cells per dish. To 
generate nyotube cultures, . approximately 5 days later 
(when the cells had reached confluence) the .medium was 
changed to I)MZM+2 : % horse seruia and one week later :.: 
transf ections were performed*. Myoblast cultures for 
transfection vere transf ected in 6 c:n dishes at 
approximately: a c% confluence. Laninin-coated . cell 
culture plates were prepared in the foiloving. nanner. 
Gel! culture dishes were coated with. 0.025 mg/al 
polylysine (>r* 30, 000-70,000, sig^ia) in sterile water 
for ; 30 rinutes at r con temperature. . The plates were 
rinsed 3 tines with sterile .water and air dried. The 
plates were then coated with :B pg/nl laminin (EHS, 
Signa) in water cverr.ight at room tenperature. Plates 
were then washed 3 tines" with sterile water before 
.seeding cells. 

The DNA complexes used for transf ections were 
prepared by ci luting the indicated quantity of 
psoralen/UV-ir.aciivated biotinylated adenovirus d!312 
(prepared as described in Exanple 19) in 150 pi of HBS . 
and adding 1 of StrpL in. 150 pi of H3S followed by. a 
.30 minute, rocc temperature incubation. HBS (100 pi) 
containing 6 pg of pCMVL (designated pCluc in the 
Figure) was then added to each sanple followed by 
another 30 ninute roon temperature incubation. Finally, 
7 pg of TfpL in 100 pi of HBS was added to each sanple, 
incubated for 30 r.inutes at roon temperature, and then 
supplied to either myoblast or myotube cultures in. 6 ciu 
. dishes containing 2 nl of DM EM +2% FCS . After al hour 
incubation, the rr.ediun was replaced with 5 nl of 
DMEM+20%FrS (myoblasts) or DMEM+2% horse scrun 
(myotubes) and the cells were harvested for lucif erase 



analysis f s hours later* . The lucif erase activity fron 
;the;;entire -ceil 1 sample is displayed In Fig. 38./ 

; Example 26 

Improvement of CElb virus delivery to nyoblasts using a 
ledtin ligand ". - 

a) Comparative analysis of Adenovirus dl312 and CELO 
. virus ir. K^La .cells and C2C12 nyoblasts 

V .; Sa.-'p l.es cf ; .either KeLa cells or C2CI2 nyoblasts 

{ X5 -x 10? cells per 6 en dish) . were transfected. with . ; 
•6 iig : p.CMVL. (designated pGluc in the Figure) conplexed 
with 1 vp'g ; St rpL:/ 7'^'g TfpL plus 5 jil* of biotinylated . 

^Adenovirus cl312..{see Example 19, : i x 10 12 particles/:al> 
or 13 fil cf biotinylated CELO virus (see Exanple 24 , 

: '.0-:a'" ; x ,i0' 2 pa-rti'cles/per. Bl) • After a 20 hour ' incubation- 

..the cells yere harvested and processed for lucif erase 
act iyity neasure-ent..' Fig* .30 indicates the resulting 
luciferase activity fron.' each entire cell sar.ple. ' 

. -Transf ectien into He La cells could be performed 
with co-parable efficiency using either the hunan 

radenovirus di312/StrpL/TfpL/DNA complexes, which can 
enter' the cells by either the adenovirus receptor or the 

' trans ferriii receptor, x>r the CELO virus/StrpL/TfpL/DNA 
complexes .vhich can enter via the transferrin receptor. 

, Hovaver, vnile cell very of DMA into C2C12 nyoblasts . 
could be porrcr^ec efficiently with adenovirus d!3l2 
c4d:nple>:e= , c--ple>:es containing the CELO virus 
functioned pcorly in these cells. : Previous examples 
have demonstrated that the transferrin receptor plays 
only a ninor role in combination complex delivery to 
these cells; presumably the adenovirus receptor is the 
major site of entry. The poor activity of the CELO 
virus in nyoblasts night then be due to. a poor binding 
of both the CELO virus. and transferrin to the C2C12 
myoblasts. 



b) Inprovenent of CELO ".-virus - C2C12 rtyoblast 

transfedtion using wheat genu agglutinin as a 
ligarid •■' 

Due to the poor delivery obtained in a) > a new 
ligahd was selected to repl^cfe transferrin s namely 
biotinyiated wheat germ agglutinin (2-4 moles biot in per 

^npie; of protein; Eib^hringer Mannheim) . Biotinylated CELO 
virus was . pr epireid as previosuly described . Complexes 
containing 6 pg pCMVL plus the indicated quantities of 
StrpL, f£f pL/ biotinylated wheat gera agglutinin (WGA-B) 

-and CELQ virus, were ; prepared in. the . following nanner. 
Virus and WGA vera diluted, together, in 150 ill HBS.. 
• StrpL was also diluted in . 150: ^1 HBS and the two 

: solutions were nixed and incubated at room temperature 
f or ' / 

^ 30\ninutes.; ;. ;The DNA.; diluted in 100 pl . of .H3S/ was 
added to the StrpL/virus/WGA solution followed by 
another 30, minute room temperature incubation. Finally, 
Tfpl; in 100 ^1 HBS was added to the mixture and again; 
the sample was incubated at roon te-perature for 
30 minutes. The cc-piexes were supplied to C2C12 ■' 
myoblasts (5 x IG S ceils per 6 cn: dish) in 2 nl of. DMEM 
pltis 2%FCS, One hcur later 5 mis of DM EM plus 10% PCS 
was added to the ceils and 20 hours . later the cells were 
processed for lucif erase activity measurement. The. 
activity (light units) in each entire ceil sanple is 
displayed in fig. AO. (The OKA used in this Example was 
pCKVL, designated pCluc in the Figure.) 

Very poor DNA delivery was obtained in the absence 
of virus either with or without, the «GA (lanes 1,6). 
Moderate delivery was obtained with coupled CZLO virus 
(lane 2); however a 16-fold increase in delivery was 
obtained if is included in the complex. 

Increasing the quantity of WGA in the. complex (from 1 pg 
to 5 Aig) resulted in a slight decrease in delivery 
(compare lanes 3 and 4) while increasing the StrpL 
content of the complex (from 1 /*g to 2 p.q) enhanced the 



delivery slightly (conpare lanes 3 and 5). These results 
clearly indicate that WGA-B as a ligand enhances CELO 
Virus-mediated DNA delivery to C2C12 cells. 

3) ^ression of a full length factor VIII gene in 

C2C12 .nybblast and nyotube cultures 
r : The ayoblast and nyotuhe cultures were prepared as 
described above . Transf ect ions were performed using 6 

of a piasaid containing a full-length factor VIII 
cDNA (Wood et al. , 1984; Eaton et al.; 1986) conplexed 
with : 5 or 15 ^1 of biot iny lated adenovirus (as 
indicated) plus 0.5 or 1 $iq StrpL, and 7 or 6 jig of TfpL 
in; the standard complex foraation protocol. 

The DNA/yirus complexes were supplied to cells in 
2 % FCS/dmem . After a 4 hour incubation at 37 *c, 3 nl of 
fresh DMEM+10 % FCS was added to each dish. 18 hours 
later the nediusx was harvested and assayed for the 
presence; of f actor VIII using a. COATEST, (KABI, 
Pharaacia) test systen with, an international standard as 
a reference. Factor Vin levels are plotted as nUnits 
generatied per 24 hours, per 1 x 10 6 cells (Fig. 41).. 

Exanple 27 

Use of adenovirus, protein for DNA delivery 

Adenovirus (wild type 300) was grcvn in KeLa cells, 
purified and biotinylated as described for adenovirus 
d!3l2. 1.2 nl of virus was dialyzed against 3 x 300 nl 
of 5 km MES {2-(N-aorpholino)ethanesulphonic acid), i nM 
EDTA pH 6.25, 4*C, for 18 hours. The material was then 
centrifuged for 3.0 ninutes at 27 K in an SW60 rotor. 
The supernatant was carefully removed, the pellet was 
resuspended in KSS/40% glycerol. HE PES , pH 7.4 and NaCl 
were added to the supernatant to 20 nK and 150 nM, and 
both the pellet (containing the viral core protein and 
the bulk of the hexon capsid, "core" in Fig. 42) and the 



- 125 



supernatant: fractions (containing the vertices, 
■ "vertices" .In Fig. -C2) were tested for DN A delivery 
activity- into both Movi3. 'nouse fibroblasts (Strauss and 
Jaenisch, 1392} or HeLa cells. 

Conplex foraation with DNA was performed in the 
■following nanner. The indicated quantities of each 
fraction, disrupted, virus* before centrif ugation or . 
intact .virus (expressed as pg protein as detemined by a 
-Bradford, assay - . were diluted in .300. pi H3S .. 
Streptavidin-'pclylysyine (3 pg in 50 pi HBS) was then 
.added relieved by a -30 -ninute • rooa. temperature 
incubation-. 6 pc pCWL, designated pCluc in the Figure-; 
was diluted in. 10G. pi H3S and added, to the first . 
•solution .for • a ,"'20 'ri nut e : incubation. Finally, : . 
2 • pg c f . T f pL • i n 10.0 pi of H3S was added followed by 
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only TrpL, 5 pg -of TfpL in 170 .pi'' KbS was mixed with 
6 pc of pC.'f-'L in 230. pi of ::3S for 30 minutes at rocn 
temperature. . ■ The vindicated quantities of virus protein 
. we r e d i t:i - : into ' 7 0 0 ^1 * f ■ • ?S> ♦ r. d then add c* z t c t he 
TfpL/ DNA c err. 1 exes . All s a n p 1 a s were then added \ zz 5 >: 
10 5 ceils in 6 c~ dish, containing 2 nl of DMFM/ 10 IFCS 
(either He La cf Kcvi3 fibroblasts) for 1 hour. 5 nl- of 
fresh rod iun. containing 101 FCS was then added ant the 
cells wore processed for luci : erase activity 20 ht^rs 
later. The resulting iucifora:;o activitv (.in 1 i<";ht ' ■ 
units) is; displayed, in Fig. A2 tor both Kela ceils 
(panel A) or Movi3 fibroblasts (panel 3).. 

With roth cell types there is a dose-dependent 
increase in DNA delivery activity associated with the . 
vertex fraction (sample <;-G in both panels) . . When the 
sar.e quantity cf biot inyla ted virus protein is included 
with Tfp«/2NA complexes la-V. ing st reptavidin-pol -/lysine 
DNA de i : ve l' y close to ba c'v.g rou nd levels is oL :;e r ved 
(sar.ple 2 in each panel) . 




Example 28 



Enhanced gene transfer using DNA ternary complexes 
containing galactose-ligand : conjugate 

a) ; Ternary complexes containing influenza peptide 
conjugate 

The presence of poly ly sine-conjugated peptides 
containing sequences derived from the N-teniinus of 
influenza virus henagglutiniri HA-2 subunit, in 
DNA/transferrin-polylysine complexes has been found to 
substantially augment the transf errin-polylysine 
mediated gene transfer (Examples 13 and 14) 

Similar DNA conbination complexes containing the 
tetra-antennary galactose ligand-polylysine conjugate 
and: the polylysine-nodif ied influenza peptide (prepared 
as described in Example 6 or 13, respectively) have J* . -en 
. prepared by adding the ligand-polylysine conjugate to 
plasaid DNA pCKVL to neutralize half of the DNA charge, 
the , remainder . of the charge -being used to load the 
complexes with influenza peptide-polylysine conjugate. 
The delivery of, these DNA : complexes , containing the 
synthetic ligar.d (gal) 4'/ to BNL CL.2 hepatocytes 
(transactions were carried out as described . in £xanple 
6 g) resulted in a luciferase gene expression (Figl 43) 
that was significantly higher than the expression 
obtained with transferrin as ligand. The expression was 
inore than. 50.0 tines higher than in control experiments 
obtained with DNA complexes lacking the influenza 
peptides, but containing the same amount of polylysine 
(Fig. 43) . The activity obtained with the DN T A 
combination complexes was also approx. 3 0 times higher 
than with DNA/ (gal) 4pL complexes incubated with cells in 
the presence of chloroquine. 

b) Ternary complexes containing adenovirus conjugate 
. Complexes were prepared as follows: biotinylated 



adenovirus dl3l2 {prepared as in Example 19; 2*tl, 6yl or ■. 
isfil; 10? 2 particles/nl) in 50 /til HBS were mixed with 
stxeptavidin-poly lysine (100 ng, 160 ng. or 480 ng) in 
100 jttl HBS. After a 30 min incubation, a solution of 6 
>g pOITL in ; 200/tl HBS was added, and after further 30 
»in, a isolvction of 3-8Mg (gal')4pl. (prepared as in 
Ejciii^le 6) .or 7pg Tfpi, in iSOptl HBS Was added. The UNA 
coaplex solutions were added to each 300,000 cells (ATCC 
:TIB73,; ATCC-TIB74, ATCC TIB75, ATCC TIB76) grown in 6 ca 
plates in high glucose DHEK + 25FCS- Further cell 
culture procedures and lucif erase assays were perforaed 
as described in the preceding Exanples. Gene expression 
(after 24h) as shown in. Fig. 44.. 

Example 29 .'• 

Gene transfer into B-lycphoblastoid B-cells 

Hunan Ig- and anti-hunan-.Ig-polylysine conjugates 
were prepared as follows/ the coupling being carried out 
Using, methods Jcncvr. front the literature by inserting 
disulphide bridges after modification with succininidyl- 
pyridyldithiopropionate (SPDP, Jung et al. , 1931) V 

a) Preparation of anti-hunan-Ig-polylysine 300 ' ,'■ • 
conjugates 

A solution of 2 ng of goat-ahti-huaan-Ig (Southern 
Biotechnology: Associates; Inc. , Birriingbatn, AL, USA) in 
HBS (150 M NaCl ,. 20 =M HEPE5, pH 7.3) was nixed with 
14 til of a 5 -nM ethanolic solution of SpD? (Pharriacia) . 
After 10 h at anbient temperature the solution was 
filtered over a Sephadex G25 gel column (cluant 100 nK 
HEPES buffer pH 7.3), to obtain 1.3 ng of anti-husan-Ig, 
modified with 30 r.:<ol of pyridyldithior.ropionate 
residues. Poly (L) lysine 300 (average polymerisation 
level of 300 lysine groups (Sig. a)>, was modified 
analogously with SPDP and brought into the fora codified 



with fre^ mercapto groups by treating with 
: dithipthreitoi and subsequent gel filtration. A 
solution of 12 nMol of polylysine 300, modified with 

; 6f oercapto . groups , in 0.3 ml of HBS Was mixed 

with the above-mehtioned modified anti-human-Ig', with 

^iuslori of oxygen, and left to stand overnight at 
aabient temperature. The reaction mixture was adjusted 
toi a content of 0 * 6 H NaCl by the addition of 5 M NaCl-. ■ 
The conjugates were isolated by ion exchange 
chromatography (Pharmacia, Mono S HR 5/5) ; after 
dialysis against 2 5 mM HEPES pH 7.3, corresponding 
conjugates were obtained consisting of 0.33 mg of anti- 
huaanrlg, modified vith 4 nMol of polylysine 300. (molar 
•..'ratio. 1:2) . 

b) Preparation of human Ig-polylysine 300 conjugates 

' - ■ ; Kshlxizion of. 19.5 mg (122- nMol) of antibody (Sigma 
1-4506) in 2 ml of HBS Was combined with 39 /:! of 10 mM 
ethanolic solution of succinimidyl-pyridyldithio- 
propionate {SPDP, Pharmacia).. After 2.5 h at room 
temperature the mixture was filtered over a Sephadex 
G 25 gel column feluant 100 mM HEPES buffer pH 7.9), to 
obtain 19 r.g { 119 nMol) of human-igG, . modified with . 
252 nMol. of pyridyldithiopropionate groups. Poly-L- 
lysine. 300 (average polymerisation level of 300 lysine 
groups; Sigma) was modified analogously with SPDP and 
brought into the form modified with free mercapto groups 
by treating with dithiothreitol and subsequent gel 
filtration. A solution of 119 nMol of polylysine 300, 
modified with 232 nMol of mercapto groups, in l ml of 
HBS was mixed with the above-mentioned modified human-Ig 
under the exclusion of oxygen and left to stand 
overnight at ambient temperature. The reaction mixture 
was adjusted to a content of about 0.6 M NaCl by the 
addition of 5 M NaCl. The conjugates were isolated by 
ion exchange chromatography (Mono. S, Pharmacia, 50 mM 



HE PES.. pH 7 . 3 / salt gradient 0.6 M to 3 M NaCl) ; after 
dialysis against HBS pH 7.3, corresponding conjugates 
were obtained consisting of 9 mg (57 nMol) of antibody,, 
modified with 90 nMol of poly lysine 300 (molar ratio 

c) Complexing and trahsfection 

The conplexes were prepared as follows: 

Biotinylated adenovirus d!312 (30 p.1, 10 u particles 
per ml).; in 50 izl of HBS were mixed with streptavidin- 
poly lysine (800 ng) in 100 pi of HBS; after 30 minutes 
incubation a solution of 9 /ig pCKVL in 200 jil of HBS was 
add|edY After a further 30 minutes a solution of 5.1 ng 
of poly lysine (pLys450) 10.2 :fiq of TfpL, 12 ng of 
huiaan-IgG-polylysine conjugate or 10 ^g of anti-human- 
Ig-p61y lysine conjugate in 150 m1 of HBS was added* The 
DNA complexes were each added to 10 6 B-lymphoblastoid 
cells (the cells were obtained from human peripheral 
mononuclear blood cells by immortalising with Epstein 
Barr virus as described by Walls and Crawford, 1989, and 
cultured in 1 nl of RPMI 1640 + 2% FCS in 24-well 
dishes) . The further progress of the cell culture and 
lucif erase: assays were as described for the preceding 
Examples. The gene expression values obtained 
(luciferase activity in light units) are given in 
Fig- 45. 

Example 30 

DNA transfer with transferrin-polylysine in the presence 
of free and conjugated rhinovirus 

a) Rhinovirus HRV-2 preparations 

Rhinovirus HRv-2 was prepared and purified as 
described by Skern et al*, 1984. 

A 400 jil solution of rhinovirus (approx. 30/xg) in 



HSS (150 nM NaCi / 5 nM HEPES, pH 7.9) / 10% glycerol/ 
w ^ treated^wl^h lo nnol of NHS-LC-bibtin (Pierce 
^1335) • After incubation fox 3 hrs at rooa temperature,, 
jthe yirijs was separated fron unincorporated biotin by 
extensive 4isLlysis against KBS/ 40% glycerol at 4 e u 

Light-sensitive fhinovirus, prepared by growing the 
virus in the presence of acridine orange, was 
inactivated as described by Madshus et al.' # 1984* 

b) Preparation of DSA complexes and transactions 

i) Transf errin-polylysine / DMA conpl exes were 
prepared by nixing a solution of 6 of plasnid DMA 
pOTCL in ?30>i H3S (150 NaCl # 20 nM HEPSS, pH 7*3) 

• ^ solution of 8 TfpL290 in 170 pi BBS . DJ?A 
complexes were nixed with 1. 5 nl of nediun (DMEK plus 
2%FCS) and with 0.14 pg to 3*5 pg rhinovirus HHV-2 (or 
inactivated KRV-2) . The nixture was added to NIH 3T3 
cells (300,000 cells per C a plate). Four hours later 
" the trans* ection nediun wis replaced by ^ ni of fresh 
nediun { DMEM plus 10% rCS) . Cells were harvested after 
24 hrs and assayed for luciferase activity as previously 
described (Fig, 46A) . 

ii) DNA cor*bi nation complexes containing 
transferrin-pciylysine and rhinovims-polyiysi ne 
conjugates were prepared as follows:' a ICO-pl solution 
of biotinylated rhincvirur; HP.V-2 (3,5-g) in H2S was 
nixed with l^g StrpL polyiysine in 100 ^1 UBS . (The 
othor virus concentrations wore nixed with appropriate 

. portions/) After 30 nin at roon temperature, the 
solution was nixed with 6 pg of plasnid D>JA in 150 pi 
K5S, incubated for a further 30 nin at roon ter.pcrature, 
and subsequently nixed with <Spg TfpL290 in 150 pi HBS. 
Dr:A complexes -ere nixed vith- 1.5 r.l of nediur? (O^EM 
plus 2-jF<~S) and added to UIH 3T3 cells (300,000 cells 
per 6 en plate) . Further treatment of the cultures and 
the assay for lucif erase activity uas performed as 



described In i) (Fig. 46B) - 



:Exariple 31 " 

Tra ns feet ion of HeLa colls with combination complexes 
containing ion ically bound adenovirus 

Cosplex f orr^ttion ; A) : DNA complexes were prepared 
by first nixing 30 pi adenovirus dl312 (apprcx. 
10* PFUs) with l jig poiylysine pLys4 50 (with an average 
chain length of 450 nononers) in 170 pi HBS. and/ after 
30 r.in at roo- te-perature, subsequent nixing with 6 pg 
of pGMVL-DN'.V in 170 4 HBS. After an incubation for 
another 30 ^in, complexes were nixed with 9 pg TfpL190 
in i70 pi An aliquot of the conplex mixture (10 % = 

50 pi solution, 600 ng DNA; or 1 % = 5 pi solution, 60 
; ng DMA) ; was ; diluted in 1.5 'ml . DMEM plus 2 % PCS and. 
added to 300,000 Hela cells. After 4. h, 2 d! of DMEM 
plus 20 % FCS was added. Harvesting of cells 24 h after 
transfectzen and lucif erase assay. vere performed as 
described 7hG 1-ciferase activity corresponding to the 
total extract! were 29, 115,000 light units (in the case 
of 600 ng DNA} and 1,090,000 light units (in the case of 
60 ng DMA) . 

Ccnplex formation 3) (Control Experiment): DNA complexes 
were prepared zy first nixing 6 pg of pCMVL-DNA in 170 - 

\pl KBS. with 1 pg poiylysine pLys45Q in 170 pi HBS and, 
after 30 n;in st rcon tenperature, subsequent mixing with 
9 pg TfpLl.SO ..in 170 pi HBS. After an incubation for 
another 30 nin, conplexes were mixed with 30 pi 
adenovirus dI3I2 (approx. 10* PFUs) . An aliquot of the 
complex fixture (10 V = SO pi solution, 600 ng DMA; or 1 

" ^ - 5 pi solution, 60 ng DNA) was diluted in 1.5 ml DMEM 
plus 2 % FCS and added to 300,000 HeLa cells. After 4 
h, 2 si cf c::EM plus 20 h FCS was added. Harvesting of 
cells 2< h after transfection and luciferase assay were 
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performed in conventional manner. The luciferase 
activity corresponding to the total extract were 405000 
flight -urvits, (in the case of 60J ng DNA) and 200 light 
v units (in the; case of 60 ng DNA) . 

Example^32 ^c; t; \ 

iocal; application of DNA/ adenovirus/ trans f err in- 
polylysine conjugates into rat liver 

a) Direct injection 

The DNA complexes were prepared as described in 
■ Example 19. They comprised 200 /il Adenovirus dl312, 6.4 
^g streptavidin-poly lysine/ 48 /ig pCMVL and .48 iiq 
:TfpL290 in a total volume of 2000 HBS. A male 
Sprague-Davley rat (body weight 240g) was anaesthetised 
with Avertih. and a laparotomy of . 4 cn performed. The 
complex solution was injected in a tine span of 2 
minutes into the left lobe of the liver. Then the 
laparotomy wound was closed in layers. 43 hours after 
injection of. the complexes the ;rat was sacrificed under 
ether anaesthesia and the luciferase expression in. 
various liver sariples measured. In the area. of 
.injection 5.615 light units/per mg protein of the liver 
hbmogenate were measured. Total activity was 370,600 
light units. No luciferase activity was measurable in 
areas of the liver away from the injection site. 

b) .Application of conjugates to the liver via the bile, 
draining system 

The complexes were prepared as follows: 200 p\ 
biotinylated Adenovirus dl312 diluted with 200 ^1 HBS 
were incubated with .6.4 /tg streptavidin-nodif ied 
polylysine. in 400 y.1 HBS for 30 minutes at room- 
temperature. Then 43 p.g of pCMVL in 800 jil HBS were 
added, /ifter 30 minutes of incubation 48 ptg of TfpL in 
900 Ml HBS were further added. For application of the 
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complexes male Sprague Dawley ~ats (250 g body weight) 
were anaesthetized with. Avertin and the abdomen opened 
with a median incision . The intestine was displaced to 
W side of the body and a 27 G needle, which had 
^I^ f^^A^ 3 ^ 6 a 1 syringe, was inserted 
; • -into the bile duct. ■ .The injection of the complexes was 
V >perf onaed over a period of, 4 minutes. Then the needle 
; ; was retracted from the bile duct, and the injection site 
, sealed with a fibrin : kealer. ( Iiamuno) . " The abdominal 
wound was closed with sutures and metal clips. After 30 
■/hours the rat was killed an^ samples from different 
lobes , of the liver were assayed for" lucif erase gene 
expression. ; The peak activity of luciferase was 19000 
light units/ng protein and the calculated overall 
expression in the total liver was in the range of 2.7x10* 
light units* ■"' " ■ 

Example 33 

■ Application of DNV^derovirus/TfpL. conplexes into the' / 
clahped Bouse tail vein 

. _ . \ The coaM- ; ..c-.- were prepared as described in Example 
19 * The y comprised 4 5 pi Adenovirus dl3 12, 6.8 Mg 
streptavidin-polylysine, 6 ^g pCKVL and 24 ^g mTf P L290 
... in a total volume of 150 fil K3S . The complexes were 
injected into the tail vein of a male C3H/He mouse (two 
months old) , which had been anesthezise- vith Avertin 
Immediately after injection the tail- vein was clamped at 
the proximal and distal end of the tail such that the 
complex solution was restricted to the segment of the 
tail vein which had been injected during the pericd of 
compression (25 minutes! and could not be flushed by the 
blood. .48 hours after injection the mouse was sacrificed 
by cervical dislocation and the tail vein prepared. 
Luciferase expression was measured in the honogenate of 
the tail. vein segment. Expression resulted in 2,soo 




light units/3 cm tail vein. 



Example 34 

Trarisf eet ion of primary human melanoma cells 

a) , , Transf ection with adenovirus- 

. polylysineXtransferrin-poly lysine, combination 
complexes ■ 

. Primary nelanpna cells were;. isolated from a 
melanoma ; which had been surgically removed from a 
patient. The tumor was mechanically disrupted in RPMI 
1640 cell culture medium plus. 5% FCS, 2nM..glutamine, and 
antibiotics and pressing the tissue fragments through a 
steel, sieve. The tumor/cells, were wa.-hed several times 
by centrlf ugation and subsequent resuspension and seeded 
into T25 cell culture flasks. 24 hours after isolation, 
the tumor cells were trans fected with ternary complexes 
comprising 3/il,. S pi or 27 ^1 biotinylated Adenovirus 
dl312 (IxlO'Vml) / 0.5 mg. streptavidin-polylysine,' 6 ^g 
pCMVL and 7 ^g TfpL290 (in admixture with 27 pi 
adenovirus: 1 yg streptavidin-polylysine and t> Mg 
TfpL290) in a total volume of 500 /il HBS. 36 hours 
after, transf ection the cells were harvested and the 
iuciferase activity was determined (light units) (see 
Fig. .4 7; the top bar shows the results with the cells in 
suspension, the bottom bar with the adhering cells). 

b) Transfection with adenovirus-polylysine/low density 
lipoprotein-polylysine combination complexes 

i) Preparation of the LDL-polylysine conjugates 
A solution of 10 mg (14 ..3 nmol) of LDL (low density 
lipoprotein, Sigma, L-2139, molecular weight 3,500,000, 
particle diar.eter about 26 nr.) in 2 rnl of HBS was mixed 
with 143 pi of a 10 r-M ethanolic solution of SPDP 



(1,43 /inol; Pharmacia),, and- left to react -for .2 hours at 
ambient; temperature. Gel- f iltration oyer a. Sephadex G25. 
column; (14 x 14 0 tun) with HBS yielded 3 . 2 ml of a 
solution of about 10 mg of LDL, modified ' with 0.70 M iaol 
of pyridyidithiopropionate groups. The solution was 
nixed with iv.2 nl of 5 M NaCl in order to prevent the 
precipi tat ion which. would otherwise occur when 
pdlylysine was subsequently added. Poly-L-lysine with 
an average chain length of 300 nono^ers was modified 
with SPDP. as described, and brought into the f om ' 
codified with- rercapto groups by treating with 
dithiothreitol and subsequent gel filtration. The 
■ modified LDL-sciuticn described above was. nixed under 
; ■•argon' with, /a solution of 0. 33 mdoI of polyiysine 300," 
Modif ied with 0.76 ^jzol ,ivercapt6 . groups , in 4 nil of 2 M 
:;aCl> 0.5 M..KE?ES,..'pH ,7;9, and the: resulting mixture was 
;left to stand for 42 • hours, at rop^' te-porature. The 
.reaction solution was diluted to 32 nl wich .sterile 
water (NaCl concentration. about 0.5 M) /mil. -oparated bv 
ion exchange chrontatcgraphy, (Biorad Macroprep.S, 
10 x 100 nn,. 20 HEPES pH. 7 . 3./ gradient: i'rcm 0. 2 - 3 m 
N'apl) . The product fractions were eluted -at a .salt 
concentration of 1-3 M to 2 .2 M and then pooled . ..After 
dialysis against K3S, conjugates consisting, of 2.35 r.g 
.{.3.4 nnol) of LDL nodified with 190 n^.ol o: poiylysine 
(corresponding to 7.5 ng of the free poiylysine base 
forn) were obtained. This corresponds to an average 
ncdif ication of the LDL-particles with about. 55 
polylysine chains. 

ii) Conplexing and . transf ection: 

18 /U of biotirr/lated adenovirus di312 preparation were 
diluted with H25 to a volume of 100 mI. 1.2 uq of 
streptavidin-polyiysi^.e were adjusted to 2.00 .yl- volume 
using HBS and .nixed with the 100 m! of adenovirus 
preparation. After 30 minutes 150 m1 of HB5 with 6 ^g 
of pCMVL were added thereto. After a further 30 



^ minutes ; 300 jil of H3S with 4 of LDLpL (poly lysine 
i/yco^ept. zo ;xg) were added thereto; : . The solution thus - :': 
^rep.?£ed -was, nixed with 1.5 nl of DMEM (10% FCS) and 
^:.^d<^d : ^o : ^. -x; 10? prinary nyeloDia cells (prepared as in a) 

HMM4) ; which were in a call 
^11:^ a diameter of 6 ran. The other ceil ; - \ 

- ^Iture^ work and luci f er as e measures^.- ts were carried 

can be seen 

V ^n^Fiorv^^r-A); shbwsi the results with the aye lose cells 
; : V-S^>^ carried put with AdpL- 

v ^Q^jugat^ not, separately nentioned in the • ' 

. -Figures. B) -shows the experiments wxth the nyelona 

calls : /H>!M4;- all rhe, experiments- - were, carried but with 
y;-^pL-conjuc^tesi.which La re- shown separately ' only in ; the •' - ' 
;, : .:.ia;st: : co lu^n ( the: " nar e dlia2/^16 refersto the ■'special'' 
-virus pr-eparatibn}-, - '■ in ' rhe experiments shown .in /cbliisA; 
::. ;2- LDL .yas.- adde4: in ; ;a. 25-fold excess, which resulted .in a 
•:- redupe^ efficiency as a result of the -- 

.competition for the LDL- receptor. : ' ••; • 

•V^xasple^ls:-' • • ' \.: . ' - 

Transfecticn of primary hu^an fibroblasts 

: Kursan skin biopsies were p"t into a 6 cri petri dish 

• ,,conta ining DKEM, . 2 giutanine, 20 % FCS and 

! ,:antzbi;otic.s. Then . the biopsies were thoroughly ninced ' . ■" 
; vith - a ; surgical ;*Mf*.-ar-d Icultured in" '-the presence of 3 ; 

• flirted iuri;" for -5/ days. Thereaf ter the cells we're' washed 
;■ .with fresh /nedius and cult ed for further 7 days. 

After this; period . of tir:e the cells were trypsinized and. 
subcultured into new petri dishes. When the cells were 
a;lr.dst. confluent, they were trypsinized again and stored 
frozen until transection. : For 'transfection ■ the cells 
wore thawed and seeded into 6 en petri dishes and 
cultured ir> DM EM containing 2 nM giutanine, 10 % FCS and 
antibiotics. The transfection conjugates were prepared 



as follows: 3 pi, 10 pl r 20 pi and 30 pi of biotinylated 
adenovirus d!312 were incubated with 0.1 pg, p,3 pg, 0.5 
>ig and 0-3 pg polylysine-modif ied strepavidine in 150 pi 
HBS for . 30 minutes at room temperature - Then 6 pg of 
pCMV-Bgai plasnid in 170 |il HBS were added and the 
nixture was incubated for a further 30 minutes. In the 
final step 7.8 jig TfpL for the conjugates with 3 Ml 
^312, 7; pg TfpL for 10 pi £1312 and 6 'jig TfpL for the 
conjugates with 20 Ml and 30 pi dl312 in 170 pg HBS were 
added. After an incubation period of 30 minutes the 
conjugates were applied to the cells in 2 ml DMEM 
containing 2 rfl giutdiaine, 2 % FCS and antibiotics and 
the cells were incubated for 4 : hours at 3"?'C. Then the 
nediua was respved and culture was continued at 37 *c : 
with DMjEM containing 2 cM gluta^ine, 10 % FCS and 
antibiotics. After 48 hours the expression of 6:- 
galactosidase was demonstrated as described in previous 
Examples. '. 

In the transf ection with 3 pi d!312 14 % of the 
cells revealed, production of 3-galactosi aase. with 10 pi 
d!312 32 % positive cells were obtained /with 20 pi 
dl312 39 % and witn 30 pi dl312 64 % of the cells were 
: positive. \ 

' Example. 36...- " 

Gene transfer into respiratory tract epithelial cells of 
rats in vivo by means of co-abination complexes 

a) Preparation of TfpL/AdpL-cc.Oination complexes 

Hunan transferrin-polylysine-DNA complexes (hTfpL) 
• were prepared by combining 8" pg of transferrin- 

polvlysine {Serva Biochemical) in 150 pi of H3S (150 mM. 
NaCl/20 r.'< :HE?£5 ph 7.3) with 6pg of pCMVL-DNA in 
350- pi- of HBS and the mixture was incubated for 30 
minutes at ambient temperature. Adenovirus-polylysine 
conjugates vere prepared as described in Example 19' c); 



pspralen/UV*inactivated adenovirus was used. The 
coiabination complexes hTfpL/AupL were prepared as 
•described in Example 2i c), 

b) - Administration of the ^complexes In vivo by 
intratracheal route 

For these exper inents the rat Signodon hispidus 
("Cotton Hat n ) was used, as it has been shown to be a 
suitable aninal ncdel f or hunan adenoviral lung diseases 
(Pacini et al., 19S<) . The anizhals were anaesthetised 
with laethoxyf luran • After a vertical cut into the 
ventral side of the neck the windpipe was cut off 
square. The complexes (250 to 300 jil; 3 jig of plasaid- 
DNA) were ^ injected directly into the windpipe, in full 
: view; in the animals which had been positioned at an 
angle of 45% At the times after the injection, 
specified in Fig. 49 the aninals were killed using CO z 
and the windpipe and lungs were harvested en bloc after 
in situ flushing with cold phosphate-buffered saline 
solution (P3S) . For the lucif erase tests the lung 
tissue was hbsogenised .in, extraction buffer, the lysates 
were standardised for their total protein content and 
the luciferase gene expression was measured as 
described. The light units specif ied , refer to 1,250 ixq 
of total protein, obtained fro:?, the lung lysates. The 
experiments were each carried out 3 to 4 times. and -the 
results are given as the nean ± SEM. 

v Exanple 37 

Gene transfer using non-viral endosonolyt ic agents, 
a) Synthesis of membrane-disrupting peptides . 
i) Peptide synthesis: 

Peptides were synthesized on an automatic 
synthesizer (A3I -;31A) by the solid phase method using 
p-alfcoxybenzylalcohol resin (0*97 maol/g) as solid 



•support and r>oc-protected amino acids. The carboxy- 
tejrniinal anino acid was coupled to the resin via the 
syniaetric .anhydride^ . Subsequent aaino acids were 
coupled by the 1-hya^oxybenzotriazole 
dit^clohexylcarbckiiinidei Hethod. The following side 
chain protecting groups were used: (Trfc) Ash, (Trt)Cys 
C (i-Bu) Cys in; case of EAIA and GLF] , (t-Bu)Glu, 
(Trt)His r ■■ ;cthBu.):Ser... 

The .peptides fca'd" the following sequences :v" 

EALA't- (SEQ ID NO: 5) .Trp Glu Ala Ala Leu Ala Glu Ala . 
Leu Ala Glu Ala Leu Ala Glu His Leu Ala Glu Ala Leu Ala 
■Glu Ala Leu Glu Ala Leu Ala Ala Gly Gly Ser Cys 

GLF ■ (SZQ ID NO: 6) Gly. Leu Phe Gly Ala Leu Ala Glu. 
-Alva Leu Ala Glu Ala Leu Ala Glu His Leu Ala Glu Ala Leu 
Ala Glu Ala Leu Glu Ala Leu Ala Ala Gly Gly Ser Cys : 

GLF-II (SEQ ID NO; 7) Gly Leu Phe Gly Ala Leu Ala Glu. 
Ala Leu Ala Glu Ala Leu Ala Glu Ala Leu Ala Glu Ala Leu 
; Ala Glu Ala Leu Glu Ala Leu Ala Ala Gly Gly . Ser Cys 

GLF-delta (SEQ ID N0:3) .GlyLeu Phe Glu Leu Ala Glu 
Ala Leu AI- Glu Ala Leu Ala Glu Ala Leu Ala Glu Ala Leu 
Ala Glu Ala Leu Glu Ala Leu Ala Ala Gly Gly Ser Cys 

EALA-Inr (SEQ ID NO;9) Gly Leu ?he- Gly Ala He Ala Gly 
Phe lie Glu Asn Gly Trp Glu Gly Leu Ala Glu.'iAla Leu Ala 
Glu Ala; Lou Glu Ala Leu Ala Ala Gly Gly Ser Cys 

EALA-P50 (SEQ ID NO: 10) Gly Leu Phe Glu Ala lie Glu Gly 
Phe He Glu Asn Gly Trp Glu Gly Leu. Ala Glu Ala Leu Ala 
Glu Ala Leu Glu Ala Leu Ala Ala Gly Gly Ser Cys 

P50 (SEQ ID NO; 11) Gly Leu Phe Glu Ala lie Glu Gly 

Phe He Glu Asn Gly Trp Glu Gly Met He Asp Gly Gly Gly 
Cys 



The; peptide's were cleaved ;f rom the resin and, the 
side chain protecting groups were removed with the v. 
exception ' of (t-Bu) Cys by treatment of 100 >.g peptide- 
Xoaded support - with 3 ml of a mixture phenoi/ethanedithiol 
/^ieanisdl/Vaxer/^ acid ' 

0 v75 : 0 • 25:0 .5:0. 5 : 10 for 1.5 h at roon temperature. The 
crude peptides were precipitated in ether and washed, 
twice. The; S.-t-B.u protected peptides EALA and GI*F were 
/dissolved : in a small .volume 1M triethylarunoniUuV 
bicarbonate (T> AB) pK 8, diluted to 100 nM TEA3 and 

further purified by reverse phase HPLC on. a Nucleosil ' 500- 

5 G4 co 1 unn ( 0 1 % T ?A - acetonitrile gradient) . 3oth 
peptides eluted. at .about - 5.0% acetonitrile '■- "The free Cys^SH 

f orm of .vthe peptides was obtained; by deprotecting Trt-tys 
/peptides in the sane way as described above.. : The : crude 
.peptides (5 r.g) were dissolved in i00 pi 100 nM TEA3 , 
; ; pH ,8 conta ining . 1 . pi 6-iaercaptoethanol and pur i f ied by 
^ gel filtration;;^ THAB, .0.5 EDTA) - 

; and f reeze . dry ing or ion-exchange chromatography (Mono . Q 

Pharnaciav 20 rJM Heroes -pH 7 . 3 ,. gradient 0 to 3 M Nad; 

rhe peptide flutes at! 1. 5 M NaCi) 
:■ .-• ii^ ■ : :<o a i f i ca t i oh with M- (hydroxyethyl) r.aieinide 
The ,C-ter±ir:a:i'.-S:i group of :the peptides GLF-delta, 
■:: GLF^II, EALA-Inf , EALA-P50, ?50 was blocked : after 

gel filtration of : the free SH forn (Sephadex G-25, 20 ' km . 

Kepes, pH 7.3, 0V5 r_M EDTA) by reaction with'- a 1,3- to 
. 10-f old solar excess, of. (hydroxy ethy 1 ) naleirside (1 h,. 

roonr temperature} . Excess maleinide was removed by gel V 

filtration (Sephadex G-25/ 100 mM TEA3, pH. 8) and the 

peptides .{GLF-del ta-nal, GLF-II-xnal , EALA-Inf-nal, EALA- 
: P50-nal, P50--ai) were obtained as triethylaihiaonium salt 

upon freeze drying. 

iii) Modification/with 2 , 2 • -dithiobispyridlne: 
The free SH peptides were reacted with 10 

equivalents of 2 , 2 ' -dithiobispyridine (20 rrJ-i Hepes, 

pH 7.9, 0.5 rJ-t EDTA) over night at roon temperature. 

Excess reagent vas removed by gel filtration (Sephadex 



G-25, loo rtn TEAB, pH 8) or ion-exchange chromatography 
(Mono Q Pharaacia, 20 nM Kepes, pH 7*3, gradient 0 to 
3 ; .M Nad; the peptide elutes at 1.5 K NaCl) to obtain 
the (2-pyridylthic)«Cys peptides (GLF-delta-SSPy , GLF- 
Xl-SSPy, EALA-Inf-SSPy, EAIA-P50-SSPy, P50-SSPy) . 
: ly) Oinerization of peptides: 

The hozaodiner of P50 (P50 dim) was prepared by 
reacting equicolar aaounts of P50-Cys-(2-pyridylthio) 
and P50-Cys-SH in 20:sM Hepes, pH 7>3, over three days at 
roba teaperature. The reaction fixture was separated on 
a. Mono Q cblunn (KR-5/5 Phansacia; 20iaM Hepes, pH 7,3, 
gradient 0.09M to 3M NaCl r P50 -diner was eluted at 1.1M 
UaCI) * The heterodiner GLF-SS-P50 was prepared 
analogously by reaction of peptide P50 (free nercapto 
forn) with pyridylthio-sodified peptide GLF» 

b) Liposome leakage assay: 

The ability of the synthetic peptides to disrupt 
liposomes was assayed by the release of fluorescent dye 
fron liposomes loaded with a self rquenching 
concentration of calcein, Liposomes were prepared by 
reverse phase evaporation (Scoka and Papahadjonoulcs, 
1S78) with an aqueous phase of 100. cM calcein, 
375 zaM KaT, 50 MaCl, pH 7 . 3 and extruded through a 
100 nn polycarbonate filter (MacDonald et ai*, 1991) to 
obtain a uniforn size distribution. The liposor.-rs were 
separated fros unincorporated material by gel filtration 
on Sephadex G-25 with an iso-osrr.otic buffer (200 
NaCl, 25 nM Hepes, pH 7,3). For the leakage assay at 
various pH values, the liposome stock solution was 
diluted (6 >l/nl) in 2x assay buffer (400 ssM NaCl, 4 0 m' 
Na citrate) . An aliquot of 100 . p.\ was added to 80 pi of 
a serial dilution of the peptide in water in a 96-well 
nicrotiter plate u'in^l lipid concentration: 25 >iM) and 
assayed for calcein fluorescence at 600 nm (excitation 
490 nns) on a -icrotiter-plate fluorescence photometer 
after 30 nin of incubation at roon temperature. The 



value for 100% leakage was obtained by addition of x /xi 
of a 10% Triton X-100 solution. The leakage units were 
calculated as reciprocal value of the peptide 
concentration; where 50% leakage was observed (i-e, the 
volume in $il o£ liposome solution which is lysed to 50% 

^ . Values below 20 units are extra- 

polated; The results of the liposorae leakage assay are 
shown in Fig . 50 . GLF and EAIA exhibited the highest pH 
specific activity. 

c) Erythrocyte lysis assay; 

Fresh husan erythrocytes were washed with HBS 
several tines and resuspended in 2x assay buffer at the 
appropriate pH (300 =M NaCI, 20 vxi Na citrate) at a 
coricentration of 6.6 i0 7 /ml- An aliquot of 75 /il was 
added t o 75 /i l of a serial dilution of the peptide in 
waiter in a 96-well nicrotiter plate (cone type) and 
incubated for. 1 h ar 37 *C with constant shaking. After 
removing, of the unlysed erythrocytes by centrifugation 
(1000 rcf, 5 nin) 1C0 ^1 of the supernatant was 
transferred to a .new nicrotiter plate and hencglobin 
absorption was determined at 450 nn (background 
correction at 750 nr:) . 100% lysis was determined by 
adding 1 jil of a ion Triton X-100 solution prior to 
centrifugarion- The hemolytic units were calculated as 
reciprocal value of the peptide concentration, where 50% 
leakage vas obser/c-d (i.e. the volume in ^1 of 
erythrocyte solution vhich is lysed to 50% per ^g of 
peptide) . Values belov 3 hemolytic units are 
extrapolated. The values are given in Fig. 51. As can 
be seen, P50 dia and EALA-P50 exhibited the highest pH 
specific acitivity with regard to lysis of cells and/or 
release of larger nolecules such as hemoglobin. The pso 
"ono^sers PSOraal and P50 SS-Py had lower activity. 
Mel ittin showed the highest activity , which was, 
however/ not specific for acidic pH* 

d) Preparation of DUA combination complexes: 



; DNA complexes vere prepared by. first mixing 6 jig of : 
pCMVL-DNA. : in 150 pi HBS with 4 *xg TfpI-290 in 150 jil HBS .,, 

and (subsequent mixing with 4 to 20 /ig of 
p61y{L)lysine290 in 100 /rl HBS after 30 Bin at room 

^ea{>erature* After further 30 min incubation at room 
t^peraturev p*3 to 30 pg'of peptide in loo pi HBS was j 
added and : incubated for another 30 nin. : . The optimal 
amount of endosomolyic agent was determined in 
preliminary titrations by assaying the resulting gene 
transfer; efficiency (see Table 3 V for gene transfer to J 

\BWI* CL.2 ; cells) . Simultaneous addition of pLys ./and", 
endosbmolytic agent as well as the use of larger volumes; 

■ for; the: complex preparation; (1.5 :ml final : volume) was 
shown; to give comparable (or better), transfection, 
efficiencies. : In these experiments >: the non-peptidic ; 
ajaphipatHio substances desoxycholic acid and oleic acid : . 
were also shown to augment DNA delivery. 

e) /Transfection of cells: 

Adherent cell liners ; CL. 2 hepatocytes or NIH : 

3T3 cells, respectively) were grown in 6 cm dishes for 1 
to 2 days prior to transfection (DMEM medium with 10% 
;FCS; 300,000 cells per dish) • The medium was removed . 
and ; 115 ml of DMEM + 2% PCS and 500 /il of the DNA 
complexes were added. Alternatively; 0.5 ml DMEM + 6% 
FCS and 1> 5 ml -of DUh complexes was used. After 4. h . 
. incubation 2 ml DMEM (13% FCS) was added. (It was found 
that , alternatively , the transfection mediun can be 
replaced ; by 4 3l. of DMEM with 10% FCS). Harvesting of. 
cells and luciferase assays were performed 24 h after 
transfection as described previously: The light unit 
values shovn, represent the total luciferase activity of 
the transfected cells. Transfection of BNL> CL.2 
hepatocytes is shown in Fig. 52: 

Fig. 52A: DNA complexes were prepared by first 
mixing 6 jrg' of pCMVL-DNA in 250 /ii HBS with 4 /-eg TfpL290 
in 250 Ml HBS and subsequent mixing with 20 $iq of 



poly ( L) lysine2 90 In 750 fiL HBS after 30 nin at rooa 
temperature. After further 30 nin incubation at roon 
teaperature, indicated amounts of peptides in 250 vl HBS 
yere addled-; After an incubation for another 30 nin, 
coapiexes irere nixed With 0.5 ml DHEM plus 6* PCS and 
added to 450,000 cells. 

Fig. 523: DNA complexes were prepared as follows. A 
solution of 6 |tg of pQfVL-DNA in 500 jxl HBS was nixed 
with 4 |tg TfpL290 in 250 pi HBS and left for 30 nin at 
rooa tertperature. A 500-^1 solution of 20 Mg of 
poly (L) lysine290 in HBS was nixed with indicated amounts 
of peptides in 250 pl HBS and iimediately added to the 
TfpL/pNA nixture. After further 30 ntin incubation at 
rooa temperature the complexes were aixed with 0.5 nl 
DM£M plus 6% PCS and added to 450,000 cells, Harvesting 
of cells 24. h after transfection and luci: erase assays 
were performed as described previously. 

The experiments carried out with KIH3T3 cells are 
shown in Fig- 52* The preparation of co.-plexes according 
to A) and B) was the sane as for the transfection of BN'L 
CL.2 cells. 

In the cell culture experiments the peptides P5Q 
din and EALA-P50 exhibited the highest activity, EALA 
and GLF had nediu- activity, vhcre^c ?50 monomers and 
saelittin had lew activity. 

Example 33 

Gene transfer using a synthetic non-viral peptide with ' 
an oligolysine C-teminal extension 

A peptide with the sequence (SHQ ID NO: 4) Met Ala 
Gin Asp lie lie Ser Thr He Gly Asp Leu Yal Lys Trp lie 
lie Asp Thr Val Asn Lys Phe Thr Lys Lys Lys Lys Lys Lys 
Lys Lys Lys Lys Lys Lys was syntheziscd and purified 
according to the method described in the previous 
Exanple. This peptide is derived frozt the 6-toxin of 
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; ; of : a^btherj 30- min at room, temperature, . 

,.. . t-y hepato^es^ 2 h, 2 ml 

;.f^?Ov^ P lu s ^'were added) i: ;Ha^estang of cells 

: ; - - :^ ;v^^;24 ; li after traxisf ectibn and measuring -lucif erase 

" > v^act^ previous 
■- ",-5" * ^Examples* The luciferase activity corresponding to the 
; -y y;r ;- < \ total* extract- was" 481; 000 light unite ' 



1 



Transfection of ihepatocytes in the presence of melittin- 
^Vptides /viti^ oligo-Lysine-taii 



; ^ v ,r/ . V;= ; Peptides of the sequences (N to C terminus) (SEQ ID 
\){-^F^fmzl2) Gly IleGly Ala Val Leu Lys Vai Leu Thr Thr Gly 
• - -Leu Pro Ala Leu lie Ser Trp lie Lys Arg Lys Arg Gin Gin 

Yv] V- "*"'Iys Lys Lys Lys Lys Lys Lys Lys Lys Lys (designated *mel 

;^^^^§^^nd; (SEQ ID;ii6:i3) ^ly lie Gly Ala\yalV.Leu "qiu Val Leu 
'-^'fri'T'di^ He Ser Trp lie Lys Arg Lys ... 

/ ;V^ r^"r^ : Giii -Gln'i^^iys-l^s Lys Lys Lys Lys Lys Lys Lys 
: rS^^^f^("acidic mutant/; 'designated mel 2) were: synthesized as " 
. , ; ./> described in. Example 38. 4 : { ...V 

^/:V.V:---'-i-i'..V.-.- DHA complexes .were prepared by first, nixing 6 jig of 
" pCKVL-DNA in 170 /xl HBS with 4 Atg TfpL290 in 170 pi HBS 
, ; .-^v; - t and subsequent- mixing with approximately -^ ;ig of peptide 




a? * • : * -f. . ; 




?. activity - corresponding to .the:::^^^^^?^ 7 ; 
ght units in : thecase",of ^g^^^j- 



{^'^r^^^^^^^li^^- ^^S^^^i^s; (in the case ■bf : Hel2)V 
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'Example 40 •/""''■ --y-;:.£ '*-':■.'■ 0 "V: ■■. 

^Interferon alpha "expression in Hel^ cells -;:v : >v 

x " v^-:;f . H^La cells '(5 x' 10 5 cells per; 6 cm dish) were : 
y • ■■ .i- transf ected wit^ " plasmid pAD-CMVl-IFN *'■ encoding human . 

: interferon alpha2c" under the control ^bf^the^ 
yVvie^ (the plasmid. is described in. , 

- DE 40 21 917 A. pADCMVl-iFN was obtained by recloning ' " 
: : - the. ; KindIII-XbaI;iFN--a2c. insert into pAD-CMVl) . . Samples 
... — ;of 6 ;:g DNA in 330 pi HBS were nixed with 8 pg of TfpL 
"V T in 330 pi K3BS and "allowed to stand for 30 minutes at 
'room temperature- Samples 6-10 contained only 4 pg of 
: TfpL and after the first 30 minutes incubation an . 
* V S- aliquot of P16pL : (20,.pg) in 160 pi of H3S was added to 
both samples 6 and 7 and an aliquot of pLys 290 (20 pg) 
: was added to samples 8, 9 and 10. After ah additional 
; 30 minute incubation, aliquots of 160 pi of HBS 
.containing 10 pi (sample 8) or 50 jil (sample 9 and 10} 
?--/£^bf free: P16 were' added (for synthesis of P16 and P16pL, V i 
■•IT*';:;" see Example 13)^: After ^an additional 30. minute^ 

.incubation, the samples* were supplied to : HeLa* cells in 2 
^ ml of dmem/2%fcs in the presence of the following 
T additional compounds^ Sample 2, 7 and 10 ' contained 100 

:pM chloroquine', samples 3 and 4 contained* 5 and 15 pi of 
^ adenovirus dl3 12, (l x 10 12 particles/ml} / sample 5 

contained 15 pi of the same virus, "psoratien-inactivated. 
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' these '•; ;'• '\. ' 
reporter .'aene's. The 

, : * .V? /'^^ but adenovirus. dl3 12 stimulated 

. . *U :A r ^- : - ;^ fash ion v V samples 3 and v 

V- K } \ .\ T ^ e ^^^^^5 e ^ ls vith 5 OD ParabieV;quantities of - 

- '^^ /^irus in the'^sen^e^'of ; IFN : DNA conplexes^didi not result *** 

- .i^'i ''in - a detectable, interferon signal, (samples; 11 and 12) * \ 
• * : ; : • , v** Transfection with the synthetic influenza-derived 
. ' . - - : . e n4osonolytic peptide P16 (see Example ^13)?- as a coniuqate 
* - ; ^ T^^^ ionicaily. bound to the 

■* " : T . surface of TfpL/DNA : ;coiaplexes (-samples 8, V and 10, for ' : " . • 
binding of peptides; see Example 37) ' generated detectable 
;V levels of interferon" product ion, which was enhanced with 
:V/* he P e P tide conjugate in the presence of chloroquine 
\\ (sample 7 )\ '••*'•'" V.-C--V:\, : ■-. 
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sequence:: listing . 



: . (:xi): . TITLE. OF INVENTION : Composition for Introducing 
nucleic .acid complexes into higher eucaryotic cells 

tiiiy ^ . 



( iv) COMPUTER READABLE FORM: 

• •' . (A) MEDIUM -TYPE: Floppy disk. • 
^ (B) COMPUTER: IBM PC compatible , ', 
: iCf OPERATING SYSTEM: PC-DOS/MS-DOS . . 

.:.:.(?). SOFTWARE:; Pat entlrv Release | l.o/ Version il.25 
•• " •' (EPO) . 



( ; 2) ; INFORI'LVripN - FOR. SEQ ID. NO: 1 : 



(i) S^QU£>:CZ' CHARACTERISTICS : 
^ . CA) LENGTH: 2.3 Axnino . acids 
•(3). TYPE:: Antino acid 
(C.) STRANDEONESS: Single 
(D) TOPOLOGY:" both 



( ii) .. MOLECULE TYPE: Peptide 



(xi) SEQUENCE DESCRIPTION': SEQ ID N0:1: 

Gly Leu Phe Glu Ala He Ala Gly Phe Ile Glu As n- Gly Trp 
1 5. • 10. 

Glu Gly Met He Asp Gly Gly Gly Cys 

20 

(2} INFORMATION FOR SEQ ID NO: 2: 




(i) SEQUENCE. CHARACTERISTICS: 

(A) LENGTH: 2 3 Amino acids 



" '.(B)". TYPE* Amino acid 

(C) STRAN.DEDNESS : Single 

(D) TOPOLOGY: both 

(ii) MOLECULE TYPE; ^Peptide ■ *' ■' 'i^'-'yr-y. : 

(xi) SEQUENCE .DESCRIPTION: SEQ ID NO;2: 

Gly Leu Phe Gly Ala lie Ala Gly Phe lie Glu Asn Gly Trp 
I - • ■ 5 ■ 10 

Glu Gly Met lie Asp Gly Gly Gly Cys 
is " 20 



(2) INFORMATION FOR SEQ ID NO: 3: . • 

(1) SEQUENCE CHARACTERISTICS : . . : .\ 
. (A) LENGTH: 26 Amino acids' 

; (B) TYPE: Arnino acid 
(C) STRANDEDNESS : Single .. 
/ (D) TOPOLOGY: both . 

(ii) MOLECULE TYPE: Peptide 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO: 3.; 

Net Ala Gin Asp lie lie Ser Thr lie Gly Asp Leu Val Lys 

1 5''. 10 

Trp lie lie . Asp Thr Val Asn Lys Phe Thr Lys Lys. . 

15 , 20 .25 

(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 Air.ino acids 
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(B) TYPE: Arnino.acid . . 

(C) STRANDEDNESS;: Single 
( P) : TOPOLOG Y .': ;both . , 



; MOI^CULE .:. TYPE Peptide 



(xi) SEQUENCE: DESCRIPTION: I SEQ ID NO: 4 : . 

;Het Ala; Gin Asp.; lie .lie; Ser Tbr; lie Gly : Asp : Leu Val Lys 

Troy. lie I le : Asp Thr :- V a 1 • Asn Lys Phe Thr Lys . Lys Lys ' Lys : 

; 15 : "'. ;:".H,,> ; ;- v 20 ; ,.;..^ : :. v ' "v. •> -\ : ^'25 '•: • " -'• •• . 

-.Lys; -Lys Lys .'Lys : l^s; 'Lys Lys .:L^- . ' ; 



( 2 ) : . TNFORI-'^ATION^ FOR ■ SEQ ID. ?iO:.5: 

( i) . SEQUENCE CHARACTERISTICS': 
' (A) : LENGTH: . 34 Amino acids 

(B) TYPE: Auiino acid " •. , 

: . (C) . STRAJiDEDNESS: . Single 
\ (D) TOPOLOGY: both- . 

: (ii) Molecule type: peptide 

(xi) Sequence description: seq id no: 5 : 



S-o ^ ^ J. 



Trp Glu Ala Ala Leu Ala Glu Ala Leu Ala Glu Ala Leu Ala 

1 . 5. 10 

.Glu His Leu Ala- Glu Ala Leu Ala Glu Ala Leu Glu Ala Leu 
15 20 25 

Ala Ala Gly Gly Ser Cys . . 
: 30 



(2) . INFORMATION. FOR 



SEQ ID NO ; 6 : 



: (I) SEQUENCE CHARACTERIST I CS : 

> r (A) LENGTH: 35 Amino acids • • ; 

(B) TYPE: Aiaino acid , 
. <C) STRANDEDNESS: Single 
(D) TOPOLOGY: both 

(ii) MOLECULE TYPE: Peptide' 
; (xi) SEQUENCE'. DESCRIPTION : SEQ ID NO: 6: 

Gly Leu Phe Gly. Ala Leu Ala Glu Ala Leu Ala Glu Ala Leu 

'l/= 5 ■ ..10 

Ala Glu His Leu Ala Glu Ala Leu Ala Glu Ala Leu Glu Ala 
15 20 25 

Leu Ala- Ala Gly Gly Ser Cys . 

30 . 35 . . 



(2) INFORMATION FOR SEQ ID NO; 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 35 Anino acids 
(3) TYPE: Aiaino acid. . 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: both 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7: 



Gly Leu Pbe Gly Ala Leu Ala Glu Ala Leu Ala Glu Ala Leu 

^: Ala Glu Ala Leu Ala Glu Ala : Leu Ala Glu Ala Leu Glu Ala 

/ Ala Gly Gly Ser Cys , , . -..„. - ... 

•^^>C^3p.;r/;' ! . 35 " . " : ' ■ '. • . • 



(2) INFORMATION FDR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

\ (A) LENGTH.: .3 4- Amino acids 
(B) TYPE: Amino acid 
V (C) ^STRAND EDNESS: Single 
(D) TOPOLOGY:, both 

(ii) MOLECULE TYPE: Peptide. 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: S : 

Gly Leu.Phe Glu Leu Ala Glu Ala Leu Ala Glu Ala -Leu Ala 
1 - 1 .- . ' 5 10 

Glu Ala Leu Ala Glu Ala. Leu Ala Glu Ala Leu Glu Ala Leu 
15 ~- 20 25 

Ala Ala Gly Gly Ser Cys 
30 



(2) "INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 34 Amino acids 

(B) TYPE: Amino acid 

(C) STRANDEDNESS : Single 



ft. % 




Gly Leu Phe Gly Ala Tie Ala Gly Phe lie Glu Asn Gly Trp 

: ;i . ■ " 5 ' .-^ ;, . 10 . 

Glu Gly Leu Ala Glu Ala Leu Ala Glu Ala Leu Glu Ala Leu 

' ';i5'.':/. 20 25 
Ala Ala Gly Gly Ser Cys 



30 



; ( 2} INFORMATION* FOR SEQ ID NO: 10 ; 



(I) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 34 Amino acids 
(3) TYPE: Amino acid 
"(C) STRANDEDNESS: Single 
(D) TOPOLOGY: both 

(ii) MOLECULE TYPE: Peptide 



(:-:!) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 



Gly Leu. Phe Glu Ala lie Glu Gly Phe lie Glu Asn Gly Trp. 
1 5 10 

Glu Gly Leu Ala Glu Ala Leu Ala Glu Ala Leu Glu Ala Le u . 
15 20 - 25 

Ala Ala Gly Gly Ser Cys 
30 



f'S ^ ^ 
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(2) INFORMATION FOR SEQ ID NO: 11 : 

(i) SEQUENCE CHAEACTERISTICS: 

. : (A) LENGTH: 23 Amino- acids . ' 

(B) TYPEr-Araino acid : 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: both 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

Gly Leu Phe Glu Ala He Glu Gly Phe He Glu Asn Gly Trp 

. 1 5 /-."' ' 10 ■ v 

Glu Gly Met lie Asp Gly Gly Gly Cys 
15 20 

{ 2 ) I NFORMATION FOR SEQ ID NO : 1 2 : • 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 36 Amino acids 

<B> TYPE: Amino acid 

(C) STRANDEDNESS; Single 

(D) TOPOLOGY: both 

(ii) MOLECULE TYPE: Peptide 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

Gly He Gly Ala Val Leu Lys Val Leu Thr Thr Gly Lou Pro 
1 5 10 

Ala Leu lie Ser Trp lie Lys Arg Lys Arg Gin CI p. Lys Lvc 
IS 20 25 
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Lys Lys. Lys Lys Lys Lys Lys Lys 
30 35 



(2) INFORMATION FOR SEQ ID N0:13: 



(I) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 Amino acids 

(B) TYPE: Amino acid 

(C) STRAN DEDNES S : / Single 
(O) TOPOLOGY: both 

(ii) MOLECULE TYPE: Peptide 



(Xi) SEQUENCE DESCRIPTION:. SEQ ID N'0: 13: 

Gly lie. Gly Ala Val Leu Glu Val L eu G Iu Thr Gly Leu Pro 

1 , 5 . . 10 - 

Ala Leu lie Ser Trp lie Lys Arg Lys Arg Gin Gin Lys Lys 
15 20 25 

Lys Lys Lys Lys Lys Lys Lys Lys 

30 35 



THE GLAIIC OFJ INING THE INVENTION ARE AS FOLLOWS: 



1.. A ' composition for the transfection of. 'higher 
•..eucaryotlc cells with a- complex of nucleic «c'id and a • 
■■s.ubstance. ' having' affinity for nucleic' acid; which 
substance 'is. optionally coupled, with an ' internalizing ; 
.'£ actor' ;for 'said -cells,' characterized in ■ that -said ; ; 
composition- contains an endosomoiytic agent which has 
the ..ability of being, internalized into the ceils which 1 " • 
are to be transfe'cted, ' either . per se or as a' component : 
'of the vnucleic acid' complex-, and of releasing, the" 
contents of .the endosome, in which the complex is 
■ located after 'entering ' the, cell., into the cytoplasm'.. 

2. '- A composition .according to claim 1 , . characterized 
in; that the/ endosomoiytic . agent ■ is a virus or a. virus" 

i component ■ which- is an internalizing factor per se for"'". 
saidV'.cellsr.: ; . 

3. . A composition . according to claim 1,. characterized 
in that the endosomoiytic agent has " a nucleic acid 
binding -domain or is bound to a substance having 

' affinity for nucleic .acid and has the ability' of ' being, ■ 
• internalized- into said "cells as a component' of the 
conjugate/nucleic acid complex, said complex .further 
optionally comprising • an internalizing factor. for the 
ceils . 

4. - A composition according "to claim 3,. characterized 
in that the endosomoiytic agent is covalentiy' bound to i 
substance having affinity for nucleic acid. 

5. ' A composition according to claim 3,. characterized' . 
in that the endosomoiytic agent is non-covaiently bound 
to the substance having affinity for nucleic acid. 

6 . A composition according to claim 5, characterized: 
in that the binding is effected via a hiotin- ■ 
strept avidin bridge . 

7. A composition* according to claim 5, characterized 
in that the binding is effected ionically. 

8. A composition according to claim 3, characterized 



■ in that the '; endosomolytic agent, is" . bound to. the., 
'substance -having an- affinity for nucleic- acid direct- ■ via 
• a nucleic .acid bidding domain-. '■ 

. A composition according to. claim ; 3 v characterized; : 

: '. •••• in -that - the endosomolytic. agent is a virus or a virus;' 

• i component- . . . 
■ : -10: ■.;A composition, according to 'claim -2 or 9, . 

characterized . in- that ' the endosomolytic -agent is- an . 
." adenovirus. 

- 11 .. A composition, according, to claim -10-, characterized'" 

in ^that the adenovirus is- a. mutant . 
■• . .12; - .A composition according to- claim- 11", characterized" 
,-in that , the adenovirus . is- a -replication-incompetent - 

* mutant. - 

'"' • : i"3 : . . .A pomposit'ion . according to claim 12, - characterized : 
in that • the, adenovirus has ori'e or more mutations and/or" 

/ •; deletions in- the : E1A region;. -' 

14 . \ A composition' according -to claim .10, characterized ' 
- in that' the adenovirus- is inactivated." 

. 15. A composition according to' claim 14 , characterized 
. in that "the .adenovirus is inactivated by "short wave- IN,.' . 
Uy/psoralen or formaldehyde. • 

16. ;A. composition according to claim- 9, characterized ' 
in that the virus • component is one or more adenovirus - ' 
' proteins . 

. 17. A. composition according to claim 2 or -9 , - 
. characterized in that the , virus is a picor'na virus . 
. 18. A composition according . to claim 17, characterized • 
■ ' in that, the picorna .virus . is*' a rhinovirus. ■ 
, 19 . : A composition according to claim 1.3 , characterized 
in that .the rhinovirus is inactivated. 

20. A composition according to claim 3, characterized' 
■in that ■ the endosomolytic agent -is not an internalizing 
factor per se for the cell. and that the nucleic acid 
complex further comprises an internalizing factor for 
said cell' which factor" is bound to a substance having 
affinity- for nucleic acid. 



..-21. A -composicicn-.accord.ing- to claim 2 0, characterized 
•in. rhat the endosomolytic ■ agent is a virus, or. a. virus: 
component: . which is /.not an internalizing . f actor f or "a ■'■ 
.human cell , / 

22* A composition' "according to- claim .'21, characterized '■ 
:in that . the endosomolytic .agent, is a virus -.which -is 

. in.f ec.ti.ous for a species other /than "human: 

.23 . A- composition according" to claim- 22, characterized'- 
an : that' the virus . is an adenovirus " 

■24 : .. A - composition .according to claim 23 , characterized 
...in thatvthe adenovirus is '"avian . 

■25/ - A' .composition according to' claim 24, characterized 
:'ih that/ the . adenovirus is the ] Chick -Embryo Lethal Orphan - 
■virus.. 

.26 . A . composition according to claim 20, characterized ... 
in that the endosomolytic agent is an . opt ionally 
modified endosomolytic : viral peptide . 

27. -A composition according to claim 26, characterized, 
in that the endosomolytic pept ide is an inf luenza - -. 
hemagglutinin -HA2 peptide. 

28;.- A composition according to. claim 27, characterized ■ - ; 
in that the peptide has the sequence Giy-Leu - ?he -Glu- 
Aia- Iie-Aia-Giy-?he- Ile-Glu-Asn-Gly-Trp-Giu-GlyV^et- lie - 
Asp-Giy-Gly-Giy-Cys . 

29. A composition according to claim 27, characterized 
in that the peptide has the sequence Gly-Leu- Phe-G.ly- 
Ala-Iie-Ala-Giy-Phe'Ile-Glu-Asn-Gly-Trp'Glu-Gly-Met- lie - 
Asp-Giy-Gly-Gly-Cys .■ ,\ • 

30. A composition according to claim 20 , • characterized 
in that the endosomolytic agent is a- non-viral, -. 
optionally modified natural' or a synthetic peptide... 

31. A composition according to claim 30, characterized 
in that the peptide has the sequence Giy Leu Phe .Giu'Ala 

.lie Giu Giy Phe lie Giu Asn Giy Trp Glu Giy Met lie Asp/ 
Giy Giy Giy Cys .' 

32 . Compos i zicr- according to claim 30, characterised in 
that the peptide is a homo- or heterodimer of- the '. 



peptide "defined., in-, claim 31. ' V\ 

33 . . • Composition according to claim 32/ characterized; in 

chat. - uhe peptide ' is:, a h'omodimer. 

.34 . .'Composition, according , to claim- 32 , ' : characterized :in 
that the peptide is . a' hetercdimer which contains" the ' •■' 
sequence "Gly. Leu. Phe Glu Ala.. lie -Glu 'Gly Phe" He. Glu Asn 
Gly Trp, Glu Gly Leu Ala; Giu : Ala Leu Ala Glu Ala Leu Glu' 

•Ala Leu . Ala Ala Gly Gly Ser. Cys . 

■3.5 ..'Composition according to claim -30.," characterized :.in 
".that the. peptide has the sequence Trp Glu Ala'. Ala .Leu - ' 
..'Ala "Glu - Ala Leu Ala Glu -Ala Leu .Ala Glu -His Leu Ala Glu .' 
•Ala . Leu Ala Glu Ala Leu Glu Ala Leu Ala -Ala- Gly Gly Ser : 

Cys ' ; , . ' • . ' 

36 : . A' 'composition 'according.' to .-.claim- 30, characterized ; : 
• in that the peptide has the sequence Gly. Leu- Phe Gly : Ala 
. Leu "Ala". Glu Ala": Leu. ..Ala Glu - Ala Leu Ala-' Glu His- Leu Ala 
■Glu- Ala Leu ' Ala . Glu Ala Leu Glu ./Ala' Leu- Ala Ala Gly Gly 
. Ser Cys." 7 
■37. A composition, according to "claim 26 or 3.0 , ' 

characterized in." that* ' the peptide .has a nucleic acid . ■ . 

binding domain. 

38. .Composition according to. claim 37, "characterized, in 
'chat, che. peptide has an oligolysine extension ... 

39. A composition according to claim 3 or. 20, 
characterized in that the internalizing' factor is.- 
transferrin. 

40. A- composition according to claim 3 or 20, . ' 
characterized in chat the internalising factor- is a 
iigand for T-ceils. ■ ' 

41. A composition according to claim lor 20 
characterized in -that the internalising factor- is a. ; 
iigand for 3-ceils.. ".-/•■ 

42. ■ A composition according co claim 41, characterized' 
in that nhe' internalising factor. is an imrrunogiobul in . 
43'. A composition according to. claim . 41, characterized 
in. chat the Iigand is an ant i -Immunoglobulin . 

44. A composition according to claim 3 or 20 , 



characterized in that the internaliz ir-g- factor, is/a-":-, 
ligand f or :.riepatocytes . 

45 . ■ • -. A-'.c.onposit ion according to • claim 44 / . characterized ; 
in that-, the internalizing- factor' is a ligand' for the 
asialoglycoproteirl receptor./ ; 

4 6. . A .. .compos i t ion '"according " to' claim 4.5, characterized 
in that' the .'internalizing factor is a. tetra -galactose-:' '" 
: polylyivine - • :. ; . . , 

;..4.T. s A composition -iaccording to claim. 3 or 20., . 
-Characterized in .' that the internalising -f ac tor, is a 
'.•lectin.': ••••/ 

;4'8 .". \ ,.;A'':po : rn'pbsitibn . according to' claim 3. or. 20 , :. 

" .Characterized . in that the internalising f actor is a iqw-' 
density .lipoprotein: V . : 

,'4 9 . .A . .complex as a : -constituent of a composition of any', 
of the; claims 3 '.tp ; 4 8 ,• Characterised in that it ' ; , ' • 
.comprises, one-, ot' mere: nucleic acids to be expressed'- in:..' 
the ..cell, an endosomolytic agent which originally : 'has -a 

•nucleic.'acid binding- domain or which is bound ..to.. a 
substance having af f inity..;.'f or nucleic acid, which ":y : 
complex opt ionally. further comprises an ■ internalizing - 
factor: which .'is -bound to a substance having affinity for 
nucleic 'acid r; - 

.50. A complex according to claim 49, ■ characterised '.in . 
that it contains a therapeutically . active .'nucleic acid.;' 

51. A complex according to claim' 50-, characterized'- in. 
that said nucleic acid comprises one 'or more DNA . ■ 
molecules .which . are active in. gene therapy. 

52. A complex 'according to claim 51, characterized in ' 
that said DNA. molecules encode 'cytokines , • 

53. A complex according- to claim" 50, characterized- in 
that said nucleic .acid • comprises a nucleotide sequence 
from .which RNA molecules which specifically inhibit- cell 
functions can be transcribed. 

54. A complex according to claim 49, characterized in- 
that the substance having affinity for nucleic. acid is . 
an organic pplycation. ' 



- /-&■ 



■ "55.." " A ■•.complex ..according " to claim ■•. 54, characterized in 
that." t he po ly c a t~ 1 on is'- pc-ly lysine . •■ • . 

.-. -.5.6.. -.• A ■ complex acc". • ing zo claim-" 49-. characterized. . in-: . 
.^...thae: the endo'somoi/*'/ c agent • and the internalizing h&f •'■• 
: ",f actor r.are both' bound: to the -same subs'cance . .having 
.affinity for. nucleic acid. ^- " ; . : ■". 

■ 57-.; /.A- .complex according to claim. -56-,' characterized. :in : . 
that'', the -endosomoiytic agent' and the internalizing:' .. 

; ..'.;v- ' -f actor.-ar.e , -bound •. to . poiylysine. ; "-.- 
-?;-S8 >./.;;:■ A : complex: f!ccordi.isg to v ciaim • 57; characterized, in' .'. - 
that.'^it- further - comprises npn--covaleht-.lV 'boug,d 
poiylysine . : : - • ... • ■ ;- : :V-" 

■ ,59..: ■ A: conjugate as '.'a. constituent^ of; a complex", of .any .df 
-the, ..claims 49. : to 58 characterized -in that . said 
- .- con jugate., comprises an endosomoiytic agent, and a. 

.sub s t an c e : hav i hg a f f i n i t y to. nuc 1 e i c r; a oi d = - ... \- " - 

.- 60 A 'conjugate-. '.according to claim. 59, characterized in 
• ; v.; that.. the endos'omoly tic -agent is as def ined ' in any . one .;bf , 
ciairns..:4 to 1 • or .9 to 38. : . *"-./' 

■ 61;- • . Endosomolytic : peptide suitable : as .a constituent ; pf . 
. • the'. -composition according, to claim "37,. characterized in *, 
•.that it . is an • artificial peptide ; which, .has - an- : ' 
: endosomoiytic. domain and . a", nucleic .acid- binding domain . ' • 
...62 Peptide according to piaim .61', characterized, "in 
that'; .the; Tiupleic acid bi nding". domain is' an - oiigciysi.ne ' . ' 
extension : - . . 

53-. -A. process of preparing a conjugate of claim .60/ 
characterized in that a virus, or a (poly; peptidie' . . : '. 

• -endosomoiytic agent and . a. polyamine are enzymat icaily 

coupled in the presence of a ' transglutaminase .-. 
' 64. : A proces:' "of preparing a conjugate of claim 60/ 
characterized - in that a" virus- er a (poly ) peptidie . 
endosomoiytic- agent' and. a polyamine -are chemically.'.' 
ccuDled. ' 



A-orocess, oreoar mc a coniua 



,im 



characterised in that a virus - or a virus component: is 
modified with biot in , and bound to a st reocavidin- y 



65. A process : for introducing- nucleic acid into; higher, 
eucaryotic ceils, .characterized .in that' the ceils are 
'.created. --with 'a composition according .tc any of the; 
claims 1 to',48. 

6.7; .A. process according, to claim 66, 

that . the cells, are human . .cells . : 

68 ; "•■ * k . process ■ according ' to claim 67 , 
.that '. the ;Cel Is '-are -tumor cells/'. 

A .process according, to claim 67, 

that the cells'' are /myoblasts'. 

70. : A process . according to claim. 67, 

that'' it he cell's are ; f ibroblasts ' 

•7l>' A process according to' claim. 67 , 
•..that" the ;-""ce!ls; are' hepatocytes . .' 

72:- . A process according to claim. 67, 

that the .cells are '/endothelial cells. 
'73 K- process according to claim 72 , 

that the, -cells -are respiratory tract cells. \ 
. 74; : . : A process, according to claim 67, characterized in . . 

■ that the -cells are.. bone, marrow cells.' 

.73 . . .. A process according to "one of claims 66 to 74, 
characterized in that the nucleic acid of the\ : 
composition is active in gene therapy. 

76. A process according to claim 75, characterized in ; 
that the nucleic acid encodes Factor VIII .- 
7.7. A process according to claims 68 and 75, 
characterized , in that the tumor cells are treated- with 
the composition, ex vivo and that said DNA encodes one or 
more immune modulating substances, preferably cytokines . 
78 . A process, for producing a heterologous protein' in -a' 
higher eucaryotic cell, characterized i-n that . the ceils., 
are. treated v/ith a composition of claim i, the nucleic 
acid comprising a DNA sequence encoding the desired, 
protein, the cells are cultivated under conditions 

■ suitable for expression of the protein, and the protein 
is recovered. 



characterized in 
characterized . in • 
characterized int:.' ' 
characterized ' in .. 
characterized'. in 
characterized in 
. characterized in ■■• 



•7 9.- A pharmaceutical preparation comprising a 

composition of any of "the -claims i to 43/ containing a ■ 
'•therapeutically active nucleic -acid and' a . 
' pharrnaceuticaiiy acceptable carrier. '•■ 

B0\. ;Transf ection kit containing a carrier unit in whicl 
: -' : ;ther'e are. two or more containers, a first container . 

containing a substance having an affinity ' .for. nucleic'. ■ 

• acid which is optionally coupled to an internalising " . ■. 
: .f .actor .for. a higher : eucaryotic cell and a., second 

container contains an ehddsomoiytic agent , which '.is 
: capable .of penetrating per'- se into higher eucaryotic 

• cells, and releasing ; the, contents of " endosomes ■ into the ■■ 
. cytoplasm. • 

'■81'. .."A trans -feet ion . kit containing a carrier unit in 
; : -whi'ch; there are ; two or more containers'/ a first 
'"; container" containing' a substance having an affinity for 
; nucleic acid -which -is optionally coupled" to an.. ' ■ 

internalising factor for a higher 'eucaryotic cell and a 
second container, contains a'. substance having, an. affinity 
, for- v hu.cleic"; acid, which is .coupled to. an ^ndosomolytic " : 
.agent capable .of penetrating into higher eucaryotic 
cells - as ,a component of., a . nucleic acid .complex. .and 
releasing. the contents of . endosomes into the cytoplasm. 
•82. ' Trans f ection. kit . according to claim 81, 
•characterized in that it contains in ' a first container 
transglutaniinase-coupled adenovirus-poiyiysine 
■conjugate-. . 

.83: ■ Trans feet ion kit containing a carrier unit in whic. 
there are two or more containers, a first container 
containing ■ a biot in -modified endosomo lytic agent and a • 
second container containing a stre'ptavidin-modif ied 
.substance having an affinity for nucleic acid. 
84. Trans feet ion kit., according to claim S3, 

. characterized in that the first container contains 
biotinylated adenovirus and a second container contains 

. streptavidin-polylysine . 
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